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Plans to Attend 


27TH ANNUAL MEETING 
OF THE 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION WITH 


OHIO SEWAGE AND INDUSTRIAL WASTES 
TREATMENT CONFERENCE 


NETHERLAND PLAZA HOTEL 
CINCINNATI, OHIO 


October 11-14, 1954 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


325 ILLmnors BUILDING CHAMPAIGN, ILLINOIS 
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CATALYTIC 
REDUCTION 
PROCESS 


Reprints of the paper by Profes- 
sor P. F. Morgan on the de- 
velopment of this Process, and 
a paper by Mr. James H. Blod- 
gett on the Columbus installa- 
tion are available on request. 


The Catalytic Reduction Proc- 
ess is offered through the 
Catalytic Reduction Co., Inc., 
a subsidiary of the Chicago 
Pump Company. 


at the Columbus, Ohio 
Sewage Treatment Works 


The Catalytic Reduction Process* has been installed at the 
Columbus. Ohio Sewage Treatment Works. The Process has 
increased digester capacity. For treatment plant expansion in 
the near future, it will not be necessary to build additional 
digesters. The Catalytic Reduction Process applied to one 
70’ tank at the Columbus plant increased total digester capacity 
by the equivalent of three tanks. 


This is possible because the Process completes biological 
sludge digestion with solids loading rates three to four times 
conventional past practice. The tank operating under the Pro- 
cess produces the required reduction of volatile solids, normal 
gas production, and a readily driable odorless sludge. 


Originating in 1946, the Process was developed, tested and 
verified over six years on both laboratory and pilot plant 
scale. The results obtained in the pilot plant operation have 
been proven in full seale plant operation at the Columbus, 
Ohio installation. 


The Catalytic Reduction Process is now available for considera- 
tion by consulting engineers for application on plants under 
design and for plants requiring expansion. 


*The only proven Process for accelerating biological digestion. (Pat. opp. for.) 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY (—-———) CHICAGO 14, ILLINOIS 


Flush Kleen, Scru-Peller, Plunger t Swing Diffusers, Stationary Diffusers, 
Horwontal and Vertical Non Clogs Mechanice! Aerators, Combination 
Water Seal Pumping Units, Samplers Aerator-Clarifiers, Comminutors, 
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Alabama Water and Sewage Asen.® 
Arex O. Taytor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Assn.* 
N Exuis, Sec.-Treas. 
46 Encanto Blvd. 
Phoenix, Ariz 


Arkansas Water and Sewage Conf * 
Harrison Hate, Sec.-Trees 
c/o Southern State College 
Magnolia, Ark 


California Sewage and ae Wastes Asen. 
Sam A. Weep, Sec.-Tre 
Room 315, City Hall, Oakland 18, Calif 


Canadian Institute on Sewage and Sanitation 
Dr. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Troemper, Sec.-Treas. 
2029 Bates Avenue 
Springfield, Ill. 


Dakota Water and Sewage Works Conf. 
North Dakota Section® 
Jerome H. Svore, Sec.-Treas 


c/o State ot. of Health 
Bismarck, N. Dak. 


South Dakota ghee 
Cuaries E. Carr, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Assn. 
Lioyp W. GesuHarp, Sec.-Treas 
Rm. 4220, Health, Education & Welfare Bldg., So., 
Washington 25, D. C. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. Sec.-Treas. 


P. O. Box 210 
Jacksonville 1, Fla. 

Georgia Water and Sewage Asen.* 
A. Storey, Sec.-Treas. 


2 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
Otto PatiascH, Sec.-Treas. 
Theaterstrasse 24, 
Bonn, Germany 
Institute of Sewage Purification 
W. F. Freeporn, Sec. 
34 Cardinal's Walk, 


Hampton-on-Thames, Middlesex, England 


Institution of Sanitary Engineers 
Ernest V. Bacsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
L. F. Sxorczesk1, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, Iowa 


Kansas Sewage and Endustrial Wastes Assn. 
Ropert H. Hess, Sec.-Treas. 
Supt. of Water and Sewage 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessee Industrial 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 


Loulsiana Conference on Water Supply and 
Sewerage * 

Greorce H. West, Sec.-Treas. 

P. O. Box 15, Water Dept., 


Treatment 


Wastes and 


Lake Charles, La 


* Sewage Works section. 


Marvland-Delaware Water and Sewerage Assn.* 
W. M. Binctey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Perce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouse, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
New England Sewage and Industrial Wastes 
Assn. 
StepHen M. Hurtey, Jre., 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. I. 
New Jersey Sewage and Industrial 
Assn. 
Micuaer S. Kacnorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J 
New York Sewage and Industrial Wastes Assen. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assn. 
E. C. Husparp, Sec.-Treas. 
State Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Caembes 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. J. Darcey, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
WaALter W. Saxton, Sec.- 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
Harness, Sec.-Treas. 
376 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Asan.* 
W. T. Linton, Sec.-Tre 
Wade Hampton Bldg., ‘Columbia, 
(Sweden) Féireningen Fir Vattenhygien 
Erik Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Epuarp Hotincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Asen.* 
M. Enters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
J. L. Hameicx, Jr., Sec.-Treas 
415 W. Franklin St., ined 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
Guten O. Fortney, Sec.-Tre 
State Dept. of Health, Chastesten, W. Va. 


Sec.-Treas. 
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Self-Scouring 
Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
° — prevents accumulations of 
air or gas that under certain 
conditions could impede flow 
and distort measurements. 


Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter Com- 
pany, 6719 Upland Street, Philadelphia 42, Pennsylvania. 


It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage and 
Industrial Wastes Assn. 


Institute of Sewage 
Purification 


Central States Sewage and 
Industrial Wastes Assn. 
Pennsylvania Sewage and 


Industrial Wastes Assn. 


Iowa Sewage Works 
Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


North Dakota Water and 
Sewage Works Conf. 

Georgia Water and 
Sewage Assn. 

Missouri Water and 
Sewage Conf. 


South Dakota Water and 
Sewage Works Conf. 


Place 


Hotel Syracuse, 
Syracuse, N. Y. 


Jubilee Theatre, 
Coronation Street, 
Blackpool, Eng. 


Hotel Leland, 
Richmond, Ind. 


The Pennsylvania 
State College, 
State College, Pa. 


Hotel Russell- 
Lampson, 
Waterloo, Iowa 


Andrew Jackson 
Hotel, 
Nashville, Tenn. 


Hotel Dakota, 
Grand Forks, N. D. 


Georgia Institute 
of Technology, 
Atlanta, Ga. 


Hotel Governor 
Jefferson City, Mo. 


Lawler Hotel 
Mitchell, So. Dak. 


Time 


June 14-15, 1954 


June 22-25, 1954 


24-26, 1954 


25-27, 1954 


. 14-16, 1954 


. 20-22, 1954 


. 22-24, 1954 


, 22-24, 1954 


. 26-28, 1954 


. 28-30, 1954 


TWENTY-SEVENTH ANNUAL MEETING 
Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Ohio Sewage and Industrial Wastes Treatment Conference 
Netherland Plaza Hotel, Cincinnati, Ohio 
October 11-14, 1954 


Pacifie Northwest Sewage 
and Industrial Wastes Assn. 


Canadian Institute on 
Sewage and Sanitation 


New England Sewage and 
Industrial Wastes Assn. 


Rocky Mountain Sewage 
Works Assn. 

Florida Sewage and 
Industrial Wastes Assn. 


North Carolina Sewage 
and Industrial Wastes Assn. 


Hotel Eugene 
Eugene, Oregon 


Windsor Hotel 
Montreal, P. Q. Can. 


Hotel Stratfield, 
Bridgeport, Conn. 


Broadmoor Hotel, 
Colorado Springs, 
Colo. 


Sorrento Hotel, 
St. Petersburg, Fla. 


George Vanderbilt 
Hotel, 
Asheville, N.C. 


21-23, 1954 


*t. 25-27, 1954 


. 28, 1954 


8-10, 1954 


8-10, 1954 


8-10, 1954 
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from the YEOMANS GUARD 


Names you can rely on 


from Pneumatic Ejector Headquarters 


Tie this: 
One PACKEX Unit 
Serves 10 Homes! 


Here’s good news for residential develo pments 
and small communities—Yeomans EX* 
newest member of a distinguished family of 
pneumatic sewage ejectors, and guaranteed de- 
pendable for low volumes. 


Check these advantages: 


@ a single Packex unit in a sewage lift 
station will handle the waste from 10 
homes—handles solids up to 2} inches in 
volumes up to 20 gpm 

@ all the automatic simplicity and trouble- 
free operation characteristic of pneumatic 
ejectors 

@ a compact, handy, low-cost unit, factory- 
assembled with air compressor integral, 
easy and inexpensive to install 

@ ideal for future expansion—simply add 
units: usually installed in duplex to 
handle emergency ‘‘peaks” 


e@ 3” or 4” connections; 20-foot head 
Better get full information on Yeomans PAC K- 


/X—for any low-volume sanitary project. Ask 
for Leaflet 4420. 


A distinguished chip off an 
illustrious Old Block 
YEOMANS EXPELSOR 


Here’s that rare combination of top quality at a 
bargain price—the Yeomans EXPELSOR*. 


One glance at the list of prominent buildings, 
businesses and municipalities using Expelsors 
proves that plenty of shrewd buyers are on the 
job. 


the 


Briefly, here’s the Expelsor story : 
@ passes solids up to valve sizes—4 inches 
is the smallest 
@ no screens, shredders; no stuffing boxes 
@ no wet well—no costly installation work 
& 


no septic action; no gas, no odors—no 
explosion hazard 


@ self-cleaning 


@ operates by plant air, steam or air com- 
pressor 
@ capacities 30 to 300 gpm 


For sewage, drainage, heavy liquids, chemicals— 
for municipal and industrial plants, sewage lifts, 
institutions, ships: the Expelsor is incomparably 
better than a small centrifugal pump—at neg- 
ligible costs of operation and maintenance. 


Don’t overlook this one—Bulletin 4405 tells all. 
Write for it. 


Life Span Unknown 
the SHONE® 
Pneumatic EJECTOR 


That's an odd and challenging statement to 
make about any mechanical ag yet it’s the 
exact truth: nobody knows how long a Shone 
Ejector will last because not one has ev er worn 
out in service. The first Shone installed in the 
U. S.—a duplex, in 1889, in the Auditorium 
Hotel and lly Cc hicago, now Roosevelt 
College—is still operating quietly, rhythmically, 
with efficiency unimpaired. 
Shone units most commonly recommended for 
municipal, building and industrial installations 
are the mechanically controlled type, for these 
reasons: 
@ dependability .. . unequalled 
@ convenience and accessibility . . . difficult 
to find any way to simplify or improve; 
there’s been no important change in prin- 
ciple, basic design or construction since 
the Shone was invented 
@ full range ... . three types to fit dif- 
ferent physical specifications 
For all problems of pumping a limited gallonage 
of solids-carrying liquids, the Shone is known 
throughout the world as the ideal solution— 
simple, automatic, dependable and completely 
sanitary. 
Impressed ?—send for Bulletin 4000-Cl 
® Registered Trade Name *A Yeomans Trademark 


These items are typical of the helpful information 
contained in the Yeomans Guard, a useful publica- 
tion concerned with pumping materials and the 
effective treatment of wastes—both ey 4 and 
industrial. A copy of the current issue will be sent 
promptly upon request. Contact your local Yeo- 
mans re resentative, listed in the Yellow Pages 
under ““Pumps"’—or write us. 


YEOMANS srortHERs COMPANY 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 


Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 
Industrial Applications, and » Full Line of Waste Treatment Equipment. quae 
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The test of a century 


This is Lancaster, Pa., 
County seat in one of 
the most highly culti- 
vated farming districts 
in America. 


Old printjshowing southwest view 


of Lancaster,about 100 years ago. 
Bettmann Archive 
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is the test that tells! 


LANCASTER installed 
cast iron water mains 
100 years ago...and 
installs them today. 


The word “‘test”” means—‘“‘put to the proof” — 
according to the dictionary. Well, 60 
utilities have put cast iron pipe to the proof 
for a century —a test to end all tests. They 
installed cast iron water or gas mains 100 
years, or more, ago that are still in service. 
Yes, the test of a century has proved beyond 
question the long life and low cost per service 
year of cast iron pipe. 


Cast iron pipe has been a rugged, long-lived 
product from the earliest days. Today’s 
modernized cast iron pipe, centrifugally cast, 
is even stronger, tougher, and more uniform 
in quality. And, where needed and specified, 
it is centrifugally lined with cement mortar to 


assure sustained carrying capacity throughout laid 
the long life of the pipe. in 1835 by the Bureau of Water 
Cast Iron Pipe Research Association, Thos. F. 


Wolfe, Managing Director, 122 So. Michigan 
Ave., Chicago 3. 


The Q-Check stencilled on pipe is the Registered 
Service Mark of the Cast Iron Pipe Research Association, 


FOR MODERN WATER WORKS OPERATION 


4 
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105 miles of pipe—all of it cast iron 
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his water control prob- 
lems might have been easier. There's 
where you have the advantage over poor 
Noah. PEKRUL Water Control Equipment 
and PEKRUL engineers stand ready to 
solve your most difficult requirements. 


Manufacturers of Pekrul Gates 
for 


FLOOD CONTROL 
LEVEES 
IRRIGATION 
WATER WORKS 
DAMS 

SEWAGE DISPOSAL 
RESERVOIRS 
PUMPING PLANTS 
OIL REFINERIES 
FISH HATCHERIES 
REARING PONDS 
RECREATION POOLS 
COOLING TOWERS 
STEEL MILLS 


Write for Catalog 49 
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Rising currents at each edge 


Collector, looking toward in- 


Effluent weirs in settling zone 


and at the center show thor- fluent end from quiescent zone. @ of tanks. Suspended solids in 
ough circulation achieved in Slow, uniform speed removes the effluent are easily reduced 
aeration zone. sludge positively with mini- to 45 ppm. 

mum agitation. 
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AERATION AND SETTLING IN SAME TANK WITH QUIESCENT ZONE 


AFTER AERATION AND SLUDGE HOPPER AT EFFLUENT END 


NOW! More effective, lower cost 
pre-aeration of sewage or waste 


New LINK-BELT system 
combines pre-aeration and 
settling in a single tank 


OT only does the new Link-Belt pre-aeration 
system cut construction costs by eliminat- 


ing separate tanks and their connecting piping 
—it also improves settling tank efficiencies. 
Violent aeration to prevent settling of heavy 
solids in aeration zone is unnecessary because 
they're collected along with the sludge in the 
settling zone. This, of course, ends the messy 
job of draining and cleaning the aeration tank 
manually. 

Using only the correct volume of air produces 
a more gentle agitation. This increases floccula- 
tion .. . helps release more entrained gases . . 
improves suspended solids settling rate . . . steps 
up B.O.D. removal. Even when chemicals are 


LINK-BE 


(South 


Colmar, 
Angeles, Seattle; Scarboro, Toronto and Elmira, Ont. (Canada); Springs 


LT COMPANY: 


Plants: Chicago, Indianapolis, Philadelphia, 
Pa., Atlanta, 


Houston, Minneapolis, San Francisco, Los 


Africa); Sydney (Australia). Sales Offices in Principal Cities. 


added to the sewage, proper mixing rate for 
maximum flocculation can be used. Sedimenta- 
tion in aeration zone will not be a problem 

What's more, separated grease is removed im- 
mediately in the settling zone by the skimming 
action of the sludge collector. It is not re-mixed 
with the sewage in passing from the aeration 
zone to the settling zone. 

For complete information on pre-aeration and 
other efficient equipment in the broad Link-Belt 
line, call the Link-Belt office near you. An ex- 
perienced sanitary engineer — working with 
you, your chemists and consultants — will help 
you get the finest in modern sewage, water or 


industrial waste treatment equipment. 13,202 
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how much for maintenance ? 


In figuring the cost of a trash pump, 
what do you allow for maintenance. . . 
how much to clear out the trash that 
clogs the impeller? Will it be daily? 
Every other day? Weekly? 

Or figure it this way. What price a 
pump that won’t clog. . . that will vir- 
tually eliminate maintenance? That’s 
why you should figure the Fairbanks- 
Morse Bladeless Impeller Pump! Its 
unique whirling tube won’t clog... 
there are no blades or projections to 


catch and hold trash. 

This is just one more example of the 
quality that is Fairbanks-Morse . . . in 
design, materials, workmanship, a 
standard of quality that gives you more 
for your pump dollar. For pump per- 
formance you can depend on, rely on 
the world’s largest manufacturer of a 
complete pump line. See your 
Fairbanks-Morse Branch or write 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Illinois. 


@ name worth remembering when you want the bes? 


FAIRBANKS-MORSE 


PUMPS © SCALES ¢ DIESEL LOCOMOTIVES AND ENGINES e ELECTRICAL MACHINERY 
RAIL CARS © HOME WATER SERVICE EQUIPMENT ¢ FARM MACHINERY ¢ MAGNETOS 
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: 
View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois . . . where Clow Cast Iron Pipe was furnished 


to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end—in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 
1878 —This is our Seventy-Fifth year— 1953 


and their National Cast Iron 
Y Pipe Division, Birmingham, Ala. 
JAMES B. CLOW & SONS 
201-299 North Talman Avenue * Chicago 80, Illinois Eddy Valve Co.,Waterford, N. Y. 
lowa Valve Co., Oskaloosa, lowa 
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GRIT 


COMPLETE EQUIPMENT 
to do the complete job! 


PROVIDES CONSTANT OPTIMUM VELOCITY 
POSITIVE ADJUSTMENT FOR VARYING FLOWS 
HYDRO-DYNAMIC WASHING 
AUTOMATIC DRAINING AND REMOVAL 


FLOW CONTROLS exclusive 
Camp Channel Section and Regula- 
tor* maintain constant optimum 
velocity for effective grit settling, 
regardless of rate of flow through 
plant. Velocity can be easily and 
instantly adjusted to meet changing 
conditions. Minimum head loss. 

*Patented 

CONVEYOR single strand, con- 
tinuous drag type. Flights carry the 
settled grit from channel bottom to 
hopper for washing and removal. 


Technical Supplement 
““CR’’, containing com- 
plete design data on the 
AMERICAN CAMP GRIT 


AMERIC 


HYDROWASH UNIT—washes 
grit free of organic matter by produc- 
ing a turbulent downflow recircula- 
tion and agitation of liquor in grit 
hopper. Organics returned to hopper. 


ELEVATOR totally enclosed, tube 


type, for slow and continuous re- 
moval of washed grit from the hop- 
per. Grit drains as it is being elevated 
through the tube. 


Write for Bulletin No. 249B 


ELL WORKS 


CHANNEL and REGULA- 
TOR, is available on request 
with Bulletin 249B. 


Im OUR YEAR 
110 Nerth 
AURORA, ILLINOIS 

Offices: Chicogo - Mew York Cleveland Cincinnati Komos City Soles Representatives throughout the World 


Pumping, Sewege Treatment, end 
Water Purification Equipment 
RESEARCH - ENGINEERING - MANUFACTURING 
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Low land, flat grades? 
High water table? 


Rolling land? 


Excavation problems ? 


Whatever the problem— 


Transite’ Sewer Pipe 


speeds installation, cuts operating costs 


In a wide range of conditions, 
Transite Sewer Pipe and its 
Ring-Tite® Coupling provide 
installationand operational plus- 
advantages that add up to im- 
portant cost savings. 


Flow Coefficient 
n=0.010 


Transite Sewer Pipe, specified 
velocity of flow can be attained 
at a minimum grade. Initial sav- 
ings may also be reflected in 
smaller pipe sizes. Its unusually 
low flow coefficient (n=0.010 
derived from the Manning 
formula) makes this possible. 


This means less cubic yards of 
excavation, and may also mean 
... elimination of pumping... 
location of treatment plant at 
higher elevation . . . lower in- 
stallation costs especially if in 
wet or ground-water conditions. 


Where 
[ Tight Joints wa- 
ter conditions exist (due to a 
constant water table or during 
seasonal rains) Transite’s Ring- 
Tite Couplings are tight... thus 
treatment-plant dollars are spent 
to treat normal sewage only, not 
excessive and unnecessary in- 
filtration. 


Made of asbes- 
[ Strength tos and cement, 
Transite Sewer Pipe is strong 
and durable. It withstands heavy 
load stresses, eliminates expen- 
sive cradling in many cases. It is 
available in two strength classi- 
fications. 


Transite Sewer Pipe is easily 
handled, quickly assembled and 
lowered into trench where it 
adjusts more accurately to line 
and grade. The Ring-Tite Coup- 
lings are easily and quickly 
pulled, forming tight, flexible 
joints that start tight and stay 
tight. 


For your copy of TR-94A, the helpful widely used Sewer Design Flow Chart, 
based on the Manning formula, write Johns-Manville, Box 60, New York 16, N. Y. 


Johns-Manville TRANSITE SEWER PIPE 


THE PIPE WITH THE TIGHT JOINTS 
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| 0,000 Tons of Filter Cake per Day 


... the capacity of 


C-E RAYMOND SYSTEMS 


of Flash Drying and Incineration 


The most widely used heat method of sewage 
sludge disposal is the C-E Raymond System 
of Flash Drying and Incineration. Total daily 
capacity of C-E Raymond Systems installed, 
under construction or on order is more than 
10,000 tons of filter cake, based on 24-hour 
operation... 


This is nearly 50% more than the 
total of all other heat methods. 


One important reason for this marked prefer- 
ence for the C-E Raymond System is that it is 
the most widely proven method that permits C-E Raymond Systems installed, under 
the flash drying of sludge to a saleable fer- construction or on order since 1945 
tilizer or its incineration to a sterile ash... in 
either case with the deodorization of stack Installation Consulting Engineer 
ad ae other method offers this Baltimore, Md. Whitman, Requardt & Associates 

é € iD1ity. Bethlehem, Pa. Morris Knowles 

Another reason is that the C-E Raymond Bloomsburg, Pa. Gannet, Fleming, Corddry & 
System has been service-proved in actual use Carpenter 
in communities of every size—ranging in equiv- Comden, 3. Ravens 
alent populations from 6,090 to 3,600,000 ... III. (W. So.) City Engineering Dept. 

. Edgewater, N. J. McClave & McClave 

and located in all parts of the country from Send de Lec, Wi pean cca c 
coast to coast. ‘on vu Loc, Wis. erry Donohue Engrg. Co. 


Galveston, Texas Joe J. Rady & Co. 
Like the communities listed at the right, Gresley ond Henson 
you, too, can plan to end your sludge disposal Lansing, Mich. Drury, McNamee and Porter 
problems by the proven C-E Raymond System. Los Angeles, Cal. Metcalf and Eddy 
For full information, just get in touch with Miami, Fla. Metcalf and Eddy 
the C-E Raymond office nearest you. A C-E San Diego, Cal. Frank Currie 


specialist will be glad to help you. B-695A Sen Frencises, Col. Clyde C. Hennedy 
Schenectady, N. Y. Havens and Emerson 


Sheboygan, Wis. Jerry Donohue Engrg. Co. 
Washington, D. C. Greeley and Hansen 
Waterbury, Conn. Malcolm Pirnie 
Wyomissing Valley, Pa. Albright & Friel 

York, Pa. Albright & Friel 


COMBUSTION ENGINEERING, INC. 


RAYMOND DIVISION: 1315 North Branch Street, Chicago 22, Illinois 
Western Office: 510 W. Sixth St., Los Angeles 14, Cal. © Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Pressure Lubricated ROCKWELL-Nordstrom VALVES 


Are A Natural For Sludge Lines 


LUBE SCREW AND 


\GUN FITTING 
Maintains 
Lubrication 
\ Pressure STEM 

One-Quarter 

a Turn To 

Open Or 

Close Valve 


» LUBE CHANNELS 
| A Perfect 


Prevent Leakage 
Into Line 


LUBE CHAMBER 
Jacks Up Plug For 
Easy Operation... 
Eliminates Stuck Valves 
TAPERED PLUG 
Maximum Strength... 
Perfect Seating ... 
Seat Never Exposed 


Sludge lines are the nemesis of ordinary valves. Gummy line 
materials pack into cavities and before long the line’s out of 
operation for valve replacement. 

Because Rockwell-Nordstrom valves are pressure lubricated 
and operate on the rotary plug principle, there are no internal 
cavities to pack with sludge solids, jamming the seat. Also, vital 
working surfaces are fully protected by the lubricant against 
corrosion. The valve seat is never exposed, and line material is 
instantly sheared off with a knifelike action as the plug rotates 
past the valve throat. Galled or frozen valves are eliminated by 
simply turning the lube screw which hydraulically jacks the plug 
and frees it for instant, one-quarter turn operation. 

In the toughest service, Rockwell-Nordstrom valves will give 
you performance more dependable, longer lasting, more economical 
than any other valve you've ever used. They’re available in a full 
range of sizes up to 34 in., and in various steel and special alloy 
patterns. Write today for complete information. Rockwell Manu- 
facturing Company, Pittsburgh 8, Pa. Canadian Valve Licensee: 
Peacock Brothers Limited. 


ROCKWELL-Nordstrom VALVES Lubricant. Sealed for Positive Sut Of 


Gummy Sludge Won’t Foul These Valves im 
7 
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MONO-CAST Pipe 
FOR EVERY SERVICE CONDITION 


“*Mono-Cast”’ is the trade name for AMERICAN pipe cast centrifugally in sand- 
lined molds. Uniform metal section, high physical strength, endurance, and 
freedom from inclusions are salient properties which have established the name 
‘“*Mono-Cast”’ as synonymous with highest quality cast iron pipe. It can be 
supplied with joints for conveying water, gas, oil, gasoline, sewage, salt brine, 
ashes—and in fact, just about everything that a pipe line can conceivably convey. 

Being cast iron Mono-Cast Pipe enjoys an enviable reputation. Cast iron pipe 
has had over 300 years of service abroad and more than 100 years of service in 
the United States. It is satisfactorily serving in locations where especially severe 
external and internal corrosion conditions exist. Mono-Cast Pipe is designed to 
give super-service. 

AMERICAN works hand-in-hand with engineers, contractors and superintend- 
ents in solving piping problems in their respective fields. Refer your next piping 
problem to AMERICAN and utilize both our extensive manufacturing facilities and 
our nearly half a century of experience in furnishing pipe and fittings for water 
works and sewage disposal plants. 


Let us assist you by taking off lists of material and submitting a price on pipe 
and fittings for your next job. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 


Dallas Houston El! Paso Pittsburgh Kansas City New York City 
Chicago Minneapolis Cleveland Denver Los Angeles San Francisco Seattle 
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WORTHINGTON’S NEW “AUTOMATIC FUEL 
SWITCHER” used on Worthington dual-fuel 
engines eliminates shutdowns due to fuel gas 
interruptions or failures. When gas pressure 
drops below normal, or fails completely, the 
Automatic Fuel Switcher instantly and automat- 
ically changes the engine over to 100% fuel oil. 


The fuel switcher closes the gas metering valves 
instantly and simultaneously shifts linkages that 
place the fuel pumps under control of the gov- 
ernor at the required setting for the load at that 
moment. There is no hunting of the governor 
when the engine goes over to 100% fuel oil. 


ACTIVATED SLUDGE PLANT in Phoenix, Arizona gets low-cost power from 
these two Worthington dual-fuel engines which run on sewage gas, using 
a minimum amount of pilot oil. 


Sewage gas runs these engines 


© In treating sewage, many cities have the help of a receiving stream 
to provide some purification of the liquid-borne wastes by the diluting 
action of the water. 

Phoenix, Arizona, also has a receiving stream, the Salt River, but 
gets no beneficial diluting action since the entire flow of the Salt below 
Phoenix consists of effluent from the sewage treatment plant. 

Naturally, a situation like this demands really thorough sewage 
treatment — and the best in equipment. 

To supply the motive power for two large blowers, Phoenix's engi- 
neers selected two Worthington dual-fuel engines. And they put their 
sewage gas to work by using it as fue! for these dependable Worthing- 
ton engines. You might say that this sewage plant is almost running 
itself. 

Operating records of sewage treatment plants everywhere show 
that you just can’t beat Worthington dual-fuel engines as economical, 
dependable drives for blowers, pumps and generators. Drop us a line 
and find out for yourself about Worthington’s new “Automatic Fuel 
Switcher”, which automatically changes over to 100% fuel oil when 
the gas pressure drops below normal. 

Worthington Corporation, Engine Division, Section E.3.10, 


Buffalo, New York. £3.10 


WORTHINGTON 


IN». 


LISS 


Power — Oil and Dual-Fuel Diesels, and Spark-ignition Gas Engines, from 190 to 2100 bhp. 
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CONCRETE PIPE 


is your best buy 
for sewers 


Leading sanitary engineers specify con- 
crete pipe for sewers because it offers: 
UNUSUAL DURABILITY that enables it to give 
long years of heavy-duty service. 
MAXIMUM CAPACITY because of its smooth 
interior finish and clean, even joints. 
MINIMUM INFILTRATION AND LEAKAGE due to 
its uniformly dense structure and its 
tightly sealed joints. 

GREAT STRENGTH to sustain heavy overbur- 
dens, resist severe impact, withstand 
severe climatic and soil conditions. 
LOW-ANNUAL-COST ECONOMY that is the re- 
sult of moderate first cost, low mainte- 
nance expense and extra long life. 


AMERICAN CONCRETE 
PIPE ASSOCIATION 


228 N. La Salle St., Chicago 1, Ill. 


| 
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HERE’S YOUR SOLUTION 


Every grit problem is different. Velocities, head 
loss, hydraulic characteristics of chambers, capac- 
ities, grit size and type, and site conditions—all 
these factors must be considered in designing 
efficient grit chambers and collector equipment. 
There is no one standard design that can be 
applied to all problems. That’s why Chain Belt 
studies each application carefully, and from our 
17 years of experience, we recommend the cham- 
ber and equipment you need for most efficient 
results. In the complete range of Rex® Grit 
Collectors, there is a basic type that can be best 
adapted to your individual needs. 


Take Advantage Rugged Design...to withstand the 
of These Rex corrosive and abrasive conditions... 
Advantages heaviest loads. 
Flexibility of Application . . . grit 
channels designed for each application 
... widest selection of types and equip- 
ment. 
Effective Grit Recirculation... 
material with excessive organics or 
improperly separated materials can be 
recirculated through the channel for 
resettling. 
Neat Appearance...head shaft 
housing completely enclosed. Factory 
sub-assemblies ...cut costs and increase 
equipment life. 


CHAI 


_ District Sales Offices in all principal cities 


223 


4 
=u, 
Le 
| 
} 
; 
\\ 
r complete information, see 
your nearest Rex Sanitation 
Engineer or write Chain Belt Tee 
Company, 4610 W. Greenfield 
ve., Milwaukee 1, Wis. Bd a 
$4 


SEWAGE AND INDUSTRIAL WASTES 


SMART 
OPERATOR 


for Valves, 
Gates and 
Floorstands 


Instant control of valves and large 
sluice gates at the touch of a button 
... that’s what you get with Chapman 
Motor Units on the job. Completely 
housed and thoroughly dust and 
weather proof, these units are built 
“to take it’’ for years, on the rough- 
est service. They’re designed for 
simplicity and extreme ruggedness, 


CHAPMAN’S MOTOR UNIT 


as shown by internal view. 
Chapman Motor Operated Floor- 
stands are delivered to the job with 
all internal wiring complete, so all 
the wiring to be done is to bring the 
power leads into the connection box 
... Saving time and money in instal- 
lation and assuring proper opera- 
tion. Write for Catalog No. 50. 


The Chapman Valve Manufacturing Co. 
INDIAN ORCHARD, MASSACHUSETTS 
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Engineer Bogert Childs specifies 


INERTOL PAINTS 


for Overpeck Valley Sewage Project 


Structural steel got 
coatings of Inertol 
Black Bituminous 
Paints. Sparkling 
and long-wearing 
Inertol colored en- 
amels were specified 
for floors, walls, ceil- 
ings, machinery and 
railings. They retain 
their beautiful high 
gloss . . . are mar- 
resistant! 


A-1 protection for 
submerged concrete 
and metal surfaces 
was achieved by us- 
ing Inertol Standard 
and Standard Thick. 
Both coatings help 
accelerate flow of 
sewage... clean 
easily, too! 


|_REASON: They‘re made especially for sewage plant use! 


Plenty of thought and research went into 
the paint choice of Bogert Childs Engineer- 
ing Associates of New York City in selecting 
protective coatings for the Overpeck Sewage 
Project (Bergen County Sewer Authority, 
Overpeck Valley Joint Sewer Commission, 
Little Ferry, N. J.). They demanded coat- 
ings that would assure a maximum of inert- 
ness, elasticity, hardness and water-resistance. 
They found that Inertol Paints more than 
meet those strict requirements. 

The famous long-lasting quality of Inertol 


INERTOL 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


Paints — plus long-run economy — has been 
proved by use in thousands of installations 
from coast to coast. And Inertol coatings 
will prove themselves for you, too. Get the 
full story on Inertol’s many durable attrac- 
tive coatings by asking to have an Inertol 
Field Technician call on you. There’s lots of 
good information in our free pamphlet 
“Painting Guide,” too. If you’re a Specifica- 
tion Writer, Design Engineer, Contractor or 
Plant Superintendent, you'll want a copy 
right away —so write today! It’s free! 


co., INC. 


27H South Park 
San Francisco 7, California 
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for water: 


To remove turbidity, color 
and other impurities 


for sewage: 
For clarification . . . to floc out 


suspended colloids and solids— 


For sludge . . . to speed drying 


GENERAL CHEMICAL “ALUM” 


is preferred 


Here’s why water experts and sewage 
experts alike agree on General Chemical 
Aluminum Sulfate. 


For over 50 years, General Chemical “Alum” has had 
a reputation for meeting the most rigid chemical and 
physical specifications of the water and sewage indus- 


try. In scores of cities throughout America, public 
works officials depend on its uniformity and quality. 


And, they also depend upon General's coast-to-coast 
producing and distributing facilities to meet their day- 


to-day and emergency needs. General has an “alum” 


Chemical “Alum.” 


supply point near you, too. So, for your operations, 
specify the preferred aluminum sulfate—General 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 

Offices: Albany «+ Atlanta 

Bridgeport 

Detroit 

Los Angeles 

Providence 


Zaltimore « 
Buffalo Charlotte Ch 
Greenville (Mis + Houston 
Minneapoli « New York 
San Francisco + Seattle 


Birmingham 
icago Cleveland 


Boston 
Denver 
Jacksonville + Kalamazoo 
Philadelphia Pittsburgh 

« St. Louis 
In Wisconsin: General Chemical Company, In 


Yakima (Wash.) 
c., Milwaukee 
tn Canada: The Nichols Chemical Company, Ltd. * Montreal * Toronte * Vancouver 


A Better America Through Chemical Progress * CHEMICAL PROGRESS WEEK * May 17 to 22, 1954 
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Select from this list of five different types 
and you will get the best type. for your 
particular problem whether itis trash, 
garbage, sewage sludge, institutional 
organic matter... separately or in 
combination. 


® For Garbage and Rubbish =, 

(1) Cell and Hearth +84 ‘ 

(2) Circular Hearth and 


For Sewage Sludge Drying and/o or: 


(3) Multiple Zone Furnace—Mec 
ically Stoked 


© For Garbage, Rubbish and Sewage 
Sludge 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 


© For Garbage and Trash (Individual 
Buildings) 

(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 


the 
men who stay with it until the unit is 2nd ce 
in operation, fully broken in and crews Mdustrig, 
instructed. "Otte; 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representotives in Principal Cities 
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WATCH SAR YOUR WASTE LINE 


Sediflotor 


CLARIFIER 


will help you REDUCE 
your WASTE instead 


of your PROFIT 


Learn how the “SEDIFLOTOR” 
Clarifier can help you 

streamline your waste water 
handling . . . with IMPORTANT 
SAVINGS to you. This coupon can 
bring details . . . quickly. 


INFILCO INC. ucson, Arizona 
Plants in Chicago and Joliet, Illinois 
Field offices in 33 principal cities 
in the U.S., Canada and Mexico. 
INFILCO INC., P. 0. Box 5033, Tucson, Arizona 
(_] Send me more information on the ‘‘SEDIFLOTOR” 
Clarifier Bulletin 6051-S. 
[_] Please have an INFILCO field engineer call 


Nome. 


Title. 
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50,000 hours 


Almost six years, 50,000 hours, of unin- 
terrupted sewage sludge incineration 
without a shutdown. No other sludge 
incineration system has equalled this 
record, established by a Nichols Herre- 


shoff multiple hearth dryer-incinerator. 


If you want dependable, economical 
sludge disposal, provided by equipment 
of proved dependability, economy and 
rugged construction, consult Nichols, an 
organization experienced in the design, 
manufacture and installation of thous- 
ands of Nichols Herreshoff multiple 


hearth furnaces throughout the world. 


Nichols Herreshoff 


Multiple Hearth Dryer-Incinerators 


Nichols Engineering & Research Corp. 
70 Pine St., New York 5, N. Y. 


1637 N. Illinois St., Indianapolis 2, Ind. 
40 S. Los Robles Ave., Pasadena 1, Calif. 
1477 Sherbrooke St. W., Montreal 25, Canada 
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the plant—a system built in 1931 consisting of Imhoff 


Tank 


at Arlington Heights, 
Illinois 


the solution—addition of P.F.T. 


and P.F.T. fixed nozzle filter bed. 


the problem—population nearly doubled since 1946... 
how to expand economically to handle heavier loads. 


equipment to make 


better use of existing structures! 


Plant expanded-—older structures utilized 


WITH MODERN P.F.T. EQUIPMENT 


To increase capacity in the original filter 
bed, the P.F.T. 16” trapless siphon was 
supplemented with a P.F.T. 20" trapless 
siphon, providing a total of 383 nozzles 
located on stub laterals of the original 
distribution system. Results: capacity in- 
creased to over 300% applied to the same 
filter bed; greater flow and more uniform 
distribution without additional use of 
head! 

For additional capacity and more com- 
plete treatment, a 120 ft. diameter filter 
bed was installed and equipped with a 
P.F.T. Rotary Distributor. Handling 3,000 
g.p.m., it serves as a primary filter ahead 
of the fixed nozzle filter and may also be 
used parallel with the fixed nozzle filter 
during storm flows! Five P.F.T. 8” Rotary 
Sludge Withdrawal Valves control sludge 
removal from the primary and secondary 

clarifiers. 

The Imhoff Tank was converted to 
modern sludge digestors, each equipped 
with P.F.T. 35' Floating Covers for safe 
gas collection, simplicity of operation and 
more complete treatment. In converting the 
Imhoff, baffles forming the sedimentation 
compartment were removed and the out- 
side walls extended 8 feet. Results: ‘‘con- 
trolled” digestion and greater capacity! 

Heat for the new digestors is provided 
by a P.F.T. Heater and Heat Exchanger 
Unit which is fired by sludge gas. The unit 
cuts fuel costs by utilizing all sludge gas 
available, automatically changing to oil 


NEW YORK @ LOS ANGELES @ SAN FRANCISCO 


only as necessary. Other P.F.T. digestion 
control equipment includes: 2 Supernatant 
Selectors with Gauge, Sight Glass and Sam- 
pler Units; various items of Gas Safety 
Equipment. 

Pictured in the photograph above are: 
(left) the primary filter bed with Rotary 
Distributor, (right center) the converted 
Imhoff Tank fitted with Floating Covers, 
(right) the revised fixed nozzle filter. 


Further information on Arlington 
Heights equipment is yours upon request. 


Design | Consoer, Townsend & Associates, 
of plant by | Chicago, Illinois 


P.F.T. first supplied equipment to 
Arlington Heights in 1911. This early 
equipment consisted of six 10” plural alter- 
nating siphons to automatically dose sand 
filter beds. The 1911 plant was designed by 
W. S. Shields, Chicago, Iil. 


waste treatment equipment 
exclusively since 1893 


| PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 
CHARLOTTE,N.C. 


JACKSONVILLE @ DENVER 
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..the New Process 
that Cuts Sewage 
Sludge Volume 


by 50% 


The Dorrco Densludge Process is a new means 
of producing a thicker sewage sludge in both 
primary and secondary treatment plants. It re- 
duces sludge volume by as much as 50% — sub- 
stantially simplifying digestion and disposal 
problems. 

More specifically, these greatly reduced sludge 
volumes mean proportionately smaller digesters 
in new plants and increased digester capacity 
in existing plants. They mean lower initial costs 
for digesters in new construction and plant ex- 
pansion alike. And Densludge eliminates digester 


“Bitter tools TODAY ts mast tomorrows demand. 


) 
" 


ENGINEERING 


\ | we 4 
\ 


A 
/ - 


rercatet® 


LOW RATE TRICKLING FLTER TREAT MEAT 


supernatant, reduces digester heat requirements 
and improves suspended solids removal in the 
primary clarifier as well. 

Bulletin #6260 describes how the process 
works, gives average operating results on three 
types of sewage sludge and covers the Dorr 
Densludge Thickener — the equipment key to the 
process. We'd like to send you a copy — without 
obligation, of course. 

Write to The Dorr Company, Stamford, 
Connecticut, or in Canada, 26 St. Clair Avenue 
East, Toronto 5. 
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THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 


Offices, Associated Companies or Representatives in principal cities of the world 
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This is the second of two sections of the review. 
dealing with analytical methods, sewage, and radioactivity, was 
published in the May, 1954, issue of THIs JOURNAL. 


The first section, 


INDUSTRIAL WASTES 


Cannery 
Treatment 


Major interest in the disposal of 
cannery wastes involves disposal by 
spray irrigation. Monson (99) dis- 
cusses the experience of one company 
with several different plants at which 
disposal was effected by land irrigation 
through either the spray irrigation or 
the ridge and furrow method. Brown 
(22) describes a preliminary investiga- 
tion on the feasibility of combining 
disintegrated solid wastes with liquid 
wastes for disposal by spray irrigation. 

Webster (181) presents data ob- 
tained from a pilot-plant study of rela- 
tively weak combined wastes from 


freezing and canning vegetable opera- 
tions using as treatment methods (a) 
chemical precipitation, (b) high-capac- 
ity biofiltration, and (c) high-rate bio- 
filtration. On days when no food proc- 
essing waste was available or when the 
food processing wastes were deficient 
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in nitrogen there was available under 
atypical circumstances an ample supply 
of domestic sewage, which was applied 
to the biofilters. Kirsh (81) discusses 
procedures used to control with vary- 
ing degrees of success odors associated 
with lagooned pea and corn wastes and 
at pea viner stations. 

Weaver et al. (180) report on labora- 
tory experiments involving microbio- 
logical treatments of potato starch fae- 
tory wastes to reduce their oxygen de- 
mand. Aerobic fermentation followed 
by acid coagulation reduced the oxygen 
consumed value from approximately 
4,000 to 200 p.p.m. (Wastes from 
potato canning and from potato de- 
hydration are similar to potato starch 
factory wastes. ) 


Recovery 


Redfield and Eskew (130) report on 
a method of preparation (with cost 
data) for the production of a concen- 
trated apple essence prepared from 
waste peels and cores. Holton and 
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Hivighorst (65) deseribe a commercial 
process for the recovery of citrie acid 
from lemon culls. Bohstedt (20) eom- 
feed value of by-product 
silage from pea and corn canning plants 


pares the 
With normal field corn silage. 


Dairy 
It has been gratifying to see that 
during the past vears both cities and 
industries have taken a more and more 
cooperative attitude in regard to com- 
bined dairy and city waste disposal. 
Zack (191 


in Pennsylvania 


discusses a number of cities 
that are handling 
dairy waste successfully. He points 
out that sewer rental charges for milk 
Waste amounted to only a fraction of a 
cent per quart of milk handled. Pos- 
sibly he should have mentioned that the 
profit on milk is frequently in the same 
magnitude and that 
quently, as stressed by Trebler (172), 
it is extremely important for the in- 
dustry that waste treatment construc- 


order of conse- 


tion and operating costs be kept as low 


as possible. 


In spite of the increasing acceptance 
in recent years of the activated sludge 
type of treatment for dairy waste, there 
is still considerable interest in trickling 
filters. Many old filters are being op- 
erated successfully and new ones are 
built. Also, many municipal 
trickling filter installations handle large 
amounts of dairy waste in a very satis- 
factory manner. Southgate (155) re- 
ported on six plants in England using 
alternating double filtration and vari- 
ous ratios of recirculation of effluent. 
Raw waste contained from 200 to 600 
p.pan. B.O.D. and effluent from 3 to 14 
p.p.m. Muers (101) reports similar 
excellent results with alternating double 
filtration. However, he does mention 
that loadings must be under 0.5 Ib. 
B.O.D. and 150 to 160 g.p.d. per cubie 
yard if these good effluents are to be 
obtained. Muers also stresses the im- 
portance of daily sampling and analysis 
of raw waste in order to keep the milk 
plant wastes in line. Finch (41) re- 
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ports on the Torrington (England) city 
plant, which handles successfully a very 
high proportion of dairy waste, again 
by double alternating trickling filters. 
Loadings and results are similar. to 
those previously mentioned. 

Stapf and Carl (157), reporting on 
waste disposal progress in South Da- 
kota, state that the Bristol disposal 
plant, which is being designed to han- 
dle a fairly large proportion of cream- 
ery waste, is providing for sufficient 
recirculation through the Imhoff tank 
so that it always will be operated at its 
rated flow capacity and so avoid pos- 
sible souring of the waste in the Im- 
hoff tank. This is important in all 
plants that have to handle industrial 
wastes with a high carbohydrate con- 
tent. 

Wisniewski (185) and Kiker (79) 
also discuss the use of trickling filters 
for the disposal of milk wastes. 

During 1953, Hoover, Porges, and 
associates did not publish any new data. 
Ilowever, they did write two summary 
reviews of their previous data (66) 
(124), which will be useful to anyone 
who wants to familiarize himself with 
this interesting work. Actually the 
work is being continued on a plant scale 
at Pennsylvania State College, but no 
results have as yet appeared in the 
literature. 

Thayer (169) republished in a more 
readily available trade publication his 
last year’s data in regard to design 
features for three small activated sludge 
plants in Ohio treating dairy wastes. 

Horton and Trebler (67) present 
design data and operating results on 
activated sludge type treatment plants 
at four milk receiving stations. They 
stress the advantage in small plants of 
using a single relatively large com- 
bined waste storage and aeration tank 
and then a relatively small combined 
settling, sampling, flow division, and 
weir tank with mechanical sludge re- 
moval. This makes a combination that 
is simple and inexpensive to build and 


operate. The combination storage and 
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aeration tanks are quite shallow and 
air is introduced by means of sub- 
merged suction tees operating with 
aeration tank liquid from a circulating 
pump. 

Gellman and Heukelekian (47) 
studied the rates for oxidation and pu- 
rification of various industrial wastes, 
including dairy waste, with both nor- 
mal and acclimatized activated sludge. 
The effects of sludge solids concentra- 
tion, waste concentration, temperature, 
sludge age, and acclimatization were 
studied. The results indicate that the 
type of plant previously described 
using a very large aeration tank may 
be a good solution, especially for small 
milk plants with only a few hours op- 
eration every day. 

Camus et al. (26) made some pre- 
liminary studies in the treatment of 
dairy wastes by aerobic breakdown of 
casein and lactose by fungi. This may 
lead to some interesting results in the 
future. 

The use of spray irrigation for the 
watering and fertilizing of crops is old, 
but the use of this method of disposing 
of dairy wastes and other food wastes 
is relatively new. Indications are that, 
where conditions are suitable, this may 
be the most economical and _ least 
troublesome method of disposal of dairy 
wastes. 

Dennis (35) reports that an installa- 
tion at Donelson, Tenn., has been op- 
erated satisfactorily for three years 
and that a recent temporary installa- 
tion at Athens, Tenn., also has been 
satisfactory. The type of cover crop 
is important; shallow-rooted grasses ap- 
peared to be best. The waste should be 
screened to prevent clogging of nozzles. 
Lagoon storage was provided to store 
the waste during freezing weather. The 
average application was 6,300 gal., or 
about 35 lb. B.O.D. per acre per day. 
Actually the two spray nozzles were 
moved daily so that each section of the 
two-acre field was irrigated only about 
once every 10 days. 

Sanborn (143) reports on spray ir- 
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rigation of industrial waste waters at a 
number of canning plants and two 
dairy plants in New Jersey. The in- 
stallations are satisfactory. He gives 
installation and operating costs and 
other data and gives a valuable discus- 
sion of various problems and limita- 
tions as regards land within economical 
pumping distance (maximum 3.5 mi.), 
type of cover crop, rates of application, 
selection of screens, pumps, pipes, fit- 
tings, sprinklers, and the type of gen- 
eral layout. 

Khurody (78) reports that a milk 
bottling plant near Bombay, India, 
handling about 20,000 g.p.d. of milk 
produces 40,000 g.p.d. of waste, which 
is used successfully to trench irrigate 
a 20-acre field with Para grass. Four 
tons of cow manure are added daily to 
the wash water. Grass is cut every 
3 to 4 weeks. The yield is 130,000 Ib. 
of green fodder per acre per year. 

Schaafsma (145) reports on two Ger- 
man dairy plants whose waste waters 
have been used successfully for several 
vears for spreading on pasture and 
arable land on neighboring farms. 

Schropp (149) reports on experi- 
mental work with various mixtures of 
milk plant wastes and whey on two 
different types of soil with 11 different 
crop plants. Very favorable results 
were obtained, especially on sandy soils 
with red clover, luzerne grass, and Ger- 
man pasture grass. Of particular in- 
terest is the fact that good results were 
obtained with straight whey at pH 5 
with a loading of 534 gal., or about 156 
lb. B.O.D., per acre per day. 

Tewes and von Gavel (168) found 
that the favorable effect of dairy waste 
waters and whey on the crops exceeded 
what would have been expected from 
the corresponding amounts of plain 
water and regular fertilizer. They sug- 
vest that this is due to the stimulating 
effect of polyuronic acids (formed from 
the carbohydrates in the waste) on fa- 
vorable soil bacteria. 

Sorenson (154) describes a successful 
Danish spray irrigation installation. 
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Ife particularly recommends spraying 
first with waste waters and then with 
clean cooling water, which is used to 
clean the pump pit, pump, sprays, and 
pipe lines, thereby preventing objec- 
tionable slime formations. 

Poulsen et al. (126) reported that 
during the period May to November, 
in 1945 to 1948, dairy waste was dis- 
posed of by sprinkling on pasture land. 
The amount of waste corresponded to 
one-third of normal rainfall. The yield 
of clover and grasses was more than 
doubled (80 per cent increase on the 
basis of the nutritional value). In the 
early part of the summer the cows 
avoided the grass for about two weeks 
after sprinkling. This was reduced to 
4 or 5 days during mid-summer and 
fall. Analysis of the soil showed no 
superficial changes over the 4-year 
period. The general condition of the 
cows was not changed and Bang’s dis- 
ease Was not spread. 

In spite of the lack of commercial 
interest in anaerobie decom- 
position of dairy wastes continues. 
Poulsen et al. (125) (126) (6) followed 
the breakdown of synthetic dairy wastes 
(2 per cent and 5 per cent skim milk 
and whey) in septic tank units, each 
consisting of three 5-1. flasks in series 
inoculated with septic tank sludge. 
The rate of feed was 51. per 24 hr. All 
lactose disappeared in the first flask 
and pH dropped to about 5 to 5.6. In 
the second and third flasks there was 
also considerable breakdown of protein. 
There was a slight increase in B.O.D. 
The volatile acid content increased, but 
not to the point of stopping the fer- 
mentation. Some CO, and CH, were 
developed. This confirms the results 


Success, 


obtained by earlier investigators, who 
found that if good B.O.D. reduction is 
to be obtained by anaerobic decomposi- 
tion of milk wastes. the formation of 


volatile acids must be prevented. This 
can be accomplished by heavy inoccula- 
tion with acid-consuming and _pro- 
teolytic organisms, such as those from 
rotten cheese curd, or from a very 
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active municipal sludge digester. For 
instanee, in a 1950 paper by Meinck 
and Schlichting (93) successful labora- 
tory experiments with anaerobic de- 
composition of both commercial and 
synthetic dairy wastes were reported. 
They started with a 25 per cent inoe- 
culation with good active city sludge. 

Pien (120) (121) describes a two- 
stage anaerobic digestion process for 
disposing of whey. In the first step 
lactose is removed in a_ continuous 
fermentation process with less than 12 
hr. retention. Neutralization and heavy 
inoceulation with garden soil and rot- 
ten cheese is used to start the process. 
The protein is decomposed in a second 
stage with about 24 hr. retention and 
some agitation. Again, neutralization 
and a heavy inocculation with soil, 
manure, and rotten cheese curd is used. 
The final liquid is quite free from 
lactose and protein and joins the regu- 
lar dairy waste for final treatment with 
chemical precipitation and filtration on 
peat. Of course, it has been known for 
many years that the organic content of 
whey and other dairy products can be 
practically all converted to gasses by 
anaerobic digestion even in a one-step 
process (see reviews for the last two 
years), but it is not always convenient. 
Wherever possible, it is certainly more 
desirable to evaporate and dry the whey 
and use it for human or animal feed. 

Woolings (188) also discusses pilot- 
plant and plant-seale experiments with 
anaerobic disposal of milk wastes. In 
spite of the fact that his results were 
poor in view of the results obtained by 
other investigators, he draws the con- 
clusion that anaerobie decomposition 
followed by an underground drain field 
still is the only practical solution for 
plants in Ontario. 

In spite of the great importance at 
the present time of whey disposal in 
the entire problem of dairy waste dis- 
posal, the many papers and patents on 
whey utilization or improvements of 
whey for animal feed have not been in- 
eluded in the present review because 


é 

: 

he 

{ 


Vol. 26, No. 6 


it is felt that whey will be in the future 
recognized as a valuable by-product 
rather than a waste. Therefore, whey 
is only considered where it is disposed 
of as a waste or together with the 
regular dairy waste. 

The Florida State Board of Health 
(42) reports on the experimental treat- 
ment of 65,000 g.p.d. of milk waste by 
chemical precipitation with from 2.2 to 
4.3 lb. of alum per 1,000 gal. of waste. 
The pH of the raw waste was 7.9, of 
the treated waste 6.2. Apparently no 
lime was added. The B.O.D. removal 
averaged 64 per cent and suspended 
solids removal 78 per cent. In the 
future a constant feed of 3 lb. of alum 
per 1,000 gal. (or 350 p.p.m.) will be 
used so as to eliminate the need for 
elaborate pH control. Nothing is said 
about sludge disposal. Apparently it 
is expected that this treatment will be 
sufficient to make it possible to dispose 
of the effluent by subsurface drain fields 
or drainage wells. 

Pien published a series of papers 
(reviewed last year) stressing the 
ability of small streams to handle im- 
portant quantities of waste, at least 
those from small dairy plants, without 
any pretreatment. He also pointed out 
that, where the load is such that the 
stream cannot handle it, pretreatment 
of the waste with alum and lime will be 
helpful. He now recommends (121) 
1,000 p.p.m. of alum plus sufficient lime 
to bring the pH to 8 to 8.5. After 
settling for at least 1 hr., the super- 
natant is discharged to the stream and 
the sludge to a 16 in. thick peat bed, 
where it is allowed to drain over night. 
The moist sludge, with or without vari- 
ous additives, is then removed from 
the peat bed and allowed to ferment 
for several weeks and is used as a 
fertilizer. It would appear that this 
entire treatment might be too cumber- 
some and expensive for use in this 
country, but, of course, various modifi- 
cations of alum precipitation are still 
being used for milk waste in some 
plants. 
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Harwood (56) discusses the uses and 
limitations of alum in chemical pre- 
cipitation of various industrial wastes, 
including milk waste. 


Packinghouse 


Gold (49) has prepared a complete 
summary of the present practice in 
the treating of slaughterhouse wastes, 
as well as reviewing the reports of 
recent research. The techniques of 
treating slaughterhouse wastes have 
been described by Farrell (40). Hal- 
vorson (54) reports that he has been 
able to get a packinghouse to reduce its 
waste load following a careful study 
of each step in the packing process, An 
increased yield of products and by- 
products justified the cost of the in- 
plant changes. 

Schroepfer (148) and Fullen (43) 
have reported on extensive pilot-plant 
studies, which indicate that large re- 
ductions in the B.O.D. of packinghouse 
wastes can be obtained by anaerobic 
digestion with 12 to 15 hr. detention. 
Carefully controlled temperatures of 
32° to 35° C. and a flow pattern similar 
to the activated sludge process are 
used. Rudolfs and Del Guercio (137) 
report good B.O.D. reductions in lab- 
oratory studies of packinghouse wastes 
in 24-hr. digestion. 

Stiemke, Kuntz, and Tezzi (159) re- 
port on the desirability of using chlo- 
rine or a chemical coagulant for batch 
treatment of wastes from small abat- 
toirs. Trickling filters are unsatis- 
factory because the load is added only 
one or two days a week. Two-stage 
sand filters can stabilize the waste, but 
are difficult to operate in cold weather. 

Wolf and Woodring (187) indicate 
that poultry dressing plants can de- 
crease their waste load by better in- 
plant practices, such as collecting blood 
for rendering. 


Fermentation 


Boruff and Blaine (21) in a review 
article indicate the value of recovery of 
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vyrain distillery wastes and the extent 
to which it is now done. Hale (53) 
discusses the sources of organic matter 
in brewery waste and finds B.O.D. val- 
ues similar to earlier reports. Vaughn 
and Marsh (175) indicate that the 
brandy stillage waste from California 
Wineries is produced intermittently. 
This factor makes treatment or re- 
covery too expensive so that land dis- 
posal by intermittent irrigation is prac- 
ticed. Leclere, Beeckmans, and Lehaen 

87) describe the practices of the 
Belgian brewing industry. 

Successful digestion of brewery 
wastes and city wastes in an unusual 
plant near Denver is deseribed (11). 
Thermophilie digestion at 130° F. is 
accomplished in a 
Sludge is 


primary digester. 
coneentrated by pressure 
flotation to 6 to 12 per cent solids. A 
75) per cent reduction in volatile solids 
is reported in 17 to 20 days by thermo- 
philic organisms, whereas only 55 per 
cent reduction is accomplished in 30 to 
60 days by mesophilie organisms. 
Thermophiles penetrate oils and pre- 
vent forming of sludge mat. whereas 
mesophiles do not. 

Davidson and Brown (33) described 
studies involving such a_ distillery 
wastes plant using anaerobic diges- 
tion. Continuous anaerobic digestion 
of wastes having a B.O.D. of 641 p.p.m. 
gave a reduction of 85 per cent in 


B.O.D.in 15 hr. With an initial B.O.D. 


of 379 p.p.m., the same percentage re- 
duction was accomplished in 10 hr. 
It is concluded that 8 to 20 hr. in a 


continuous digester will reduce the 
B.O.D. of a waste having an initial 
B.O.D. of from 200 to 1,200 p.p.m. by 
85 per cent if continuous internal 
agitation of the digester is practiced; 
pH is a goed control test, 7.5 to 7.8 
being satisfactory, whereas 5.0 to 6.8 
will upset the digester. No correlation 
was found between efficiency of treat- 
ment and digestion time, digester solids 
(within range investigated, 1.2 to 0.33 
per cent), or temperature (within 
range 28° to 32° C.). The total solids 
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of the effluent from the digester 
were higher than those of the raw 
waste, most of the increase being in 
non-settleable suspended solids. The 
method might roughing 
treatment. 

Pienaar (122) reported the results of 
digesting a mixture of domestic sewage, 
mining, and gelatin factory wastes in 
the ratio of 1:0.5:0.4. The pH of the 
velatin averaged 11.7 to 12.1 due to 
lime. The digested sludge was found 
to be almost colloidal and difficult to 
dry. 
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The end liquor from the production 
of monosodium glutamate was digested 
in studies by Niles and Frook (110). 
Liquor having a B.O.D. of 250,000 to 
500,000 p.p.m. was tested. Raw sew- 
age solids were first digested for 11 
days, then gluten and end liquor were 
fed in various amounts for periods up 
to 20 days. Gas production was good. 
It is concluded that it is feasible to 
digest both gluten and concentrated 
Steffens filtrate end liquor along with 
sewage sludge, but that end liquor 
alone is not suitable. The need for 
work is pointed out by the 
authors. 


more 


Pharmaceutical 


Wittman (186) reviews the present 
status of waste water treatment from 
pharmaceutical plants. Lundberg (88) 
indicates that vacuum dried mycelium 
from the manufacture of penicillin can 
be digested with methane production. 
There is a 55 per cent reduction of the 
organic matter in the process. 


Chemical 


In Germany, the concentrated wastes 
of the potash industry must be dis- 
charged to the Weser River. Seifert 
(150) deseribes the holding pond for 
the wastes, which are discharged to the 
river so that the hardness shall not 
exceed a predetermined level. On the 
other hand, wastes from the concentra- 
tion of lithium, which contain only 
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suspended matter. are lagooned accord- 
ing to Stapf and Carl (157). 

According to Chalor and Volskaya 
(27), waste liquors which contain 
phenols, aldehydes, and methanol can 
be purified by steaming and aeration. 
This removes 95 per cent of the phenols, 
90 per cent of the aldehydes, and 80 
per cent of the methanol. Black and 
Minch (15) have published an indus- 
trial waste guide in which they report 
on studies of wood naval stores prob- 
lems. Better in-plant practices are 
recommended. 

Waldemeyer (176) reports the treat- 
ment of wastes containing formaldehyde 
(2,000 p.p.m.) and methyl aleohol 
(8,000 p.p.m.) from the production of 
plastics from phenolic and formal- 
dehyde resins by the activated sludge 
process with 60 per cent purification 
as measured by the 4-hr. oxygen con- 
sumed test. Sludge was initially built 
up with sewage. No excess sludge was 
formed thereafter. With continued use 
the sludge lost activity and disap- 
peared. The effluent was treated on a 
trickling filter to recover the sludge 
lost. 

Martin and Rostenbach (89) have 
described the methods employed in 
solving the difficult waste disposal prob- 
lems of government synthetic rubber 
plants in Los Angeles County. Un- 
usual problems involving waste tar, 
copper solutions, and smokeless in- 
cineration of rubber were also dealt 
with successfully. 


Textile 


Falkenhain (39) describes the dis- 
posal of wastes from the manufacture 
of textiles by mixing with municipal 
sewage and, after screening, distribut- 
ing over plots of pasture land. 

Bohrish (19), in talking about rayon 
wastes resulting from the viscose proc- 
ess, says that these wastes are acid 92 
per cent of the time and that 87 per 
cent of the time the sulfuric acid con- 
tent exceeds 100 p.p.m. 
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Muller (102) describes a suitable 
waste treatment plant for the process- 
ing of textile finishing wastes. Jung 
(73) says that the Niers process of 
aeration in the presence of scrap iron 
and treatment by the activated sludge 
process after addition of iron salts have 
been used to advantage in treating 
textile wastes. 

Nemerow (107) found B.O.D. redue- 
tions of 77 per cent from cotton kier 
liquors at room temperature when the 
wastes were neutralized, mineralized 
with ammonium salts, properly seeded 
with biological growth, and aerated for 
24 hr. 

Snyder (153) indicates the ways to 
reduce pollution in the mills and makes 
suggestions on the methods suitable for 
treatment of wastes. 

Merkel (94) describes the design of 
a plant to clarify textile wastes by the 
use of aluminum and ferric hydroxides 
in conical-shaped tanks with upward 
flow. In the biological part of the 
process phosphates and nitrates are 
added. 

Gerstner (48) says that the ecupram- 
monium waste waters from the manu- 
facture of rayon are generally treated 
by ion exchange with the re-use of re- 
covered materials. 

Sander (144) is encouraging, in that 
he believes that waste waters from the 
manufacture of rayon can be improved 
by alterations in the process, such as 
reducing the quantity of sulfuric acid 
used by one-half. 

Bohrish (18) describes a circular 
(Scheven) sedimentation tank with an 
open channel inlet and a sludge scraper 
which oscillates through 180°, used in 
the treatment of cellulose wool manu- 
facturing wastes. 

Kuisel et al. (83) recommend that 
waste waters from textile mills be pre- 
treated prior to discharge into munici- 
pal sewer systems for final treatment 
by biological processes. Rudolfs et al. 
(141) review the current literature on 
textile and wool dyeing wastes. Har- 
wood (57) has stated the size of plant 
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needed in coagulating dyehouse wastes 
with aluminum sulfate. 

U.S. Patent No. 2,632,732, reported 
by Steele and McMahon (158), is a 
that takes strongly alkaline 
waste waters from textile mills, adds 
carbon dioxide to reduce the pH, 
oxidizes with chlorine, and dilutes with 
clear water to dissolve the residual 
precipitate and decrease the color. 

The New England Interstate Water 
Pollution Control Commission pub- 
lished a bulletin (25) to aid the textile 
industries of that region in the solu- 
tion of their problems. 

The new book by Rudolfs (134), with 
the section by 


process 


Coburn, summarizes 
previously published information. 
Jacobs (69) describes the manufac- 
turing process steps and the sources of 
waste from rayon and cello- 
phane processes of the Du Pont Co. 
The reduction of losses without treat 
ment of zine sulfate, B.O.D., and sul- 
furie acid from 1950 to 1952 are given. 
Taylor (165) reports on some lab- 
oratory experiments in the treatment 
of sewage containing dyestuffs by chem- 
ical methods. Activated carbon (2,000 
p.p.m.) gave a reduction in oxygen 
consumed value of 50 per cent. Bro- 
mine additions to similar sewage under 


viscose 


acid or alkaline conditions gave redue- 


tions of 25 to 35 per cent. 


Ozonization 
under alkaline conditions gave redue- 
tion of 22.5 per cent. 

Latham ef al. (85) report on 
anaerobic treatment of woolen mill 
wastes in a pilot plant. The B.O.D. 
removed was 57.7 per cent by this 
process. 

Keays (75) says that fatty acids and 
grease precipitated from wool washing 
wastes can be recovered by (a) the 
neutral or autoclave process, (b) the 
acid or filter-press method, and (ce) 
the solvent method. 

Van Breda (174) stated that studies 
at Rochell, Ill., showed that wool wastes 
can be pretreated with chemicals, but 
the costs were found to be high. The 
industry had tried lanolin recovery, 
but the resulting waste materials were 
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still of a nature that could not be re- 
moved in the sewage treatment plant 
and the revenue from the recovered ma- 
terial was not enough to pay for the 
cost of operation. 

Ross (133), in writing about the op- 
eration of the East Bay plant in Oak- 
land, Calif., said that wool wastes with 
a B.O.D. of around 1,000 p.p.m., sus- 
pended solids of 1,500 p.p.m., and oil 
and fats as high as 55,000 p.p.m., caused 
considerable trouble in the operation 
of the municipal plant. 

Taylor (166) describes a process of 
wool scouring waste treatment in which 
caleium chloride is fed with the waste 
into a centrifuge in which the emulsified 
vrease is separated from the liquid, 
thus producing a clear effluent. 


Tannery 


Jung (73) reports that tanning 
wastes can be treated by the Niers proc- 
ess or by the addition of iron salts to 
the activated sludge process. 

Coin et al. (31) points out that the 
destruction of hydrogen sulfide in eaus- 
tic tanning wastes can be obtained by 
aeration at great saving in eost of 
aeration if the wastes are first acidified. 
They state that the cost of operation of 
the process is about one-third of that 
for chlorination. 

Stundl (61) indicates that tanning 
wastes may contain substances that will 
inhibit the growth of organisms that 
decompose the organics in these wastes. 

Iver et al. (68) state that agricultural 
land adjoining an area where waste 
waters from a tannery were impounded 
became infertile. 

The general principles applicable to 
the treatment of tannery wastes, the 
composition of these wastes, and the 
equipment for the of the 
liquids from a typical heavy leather 
tannery using the vegetable tan process 
are given by Redlich (131). 

Hartman indicates the neces- 
sary pretreatment that is needed if tan- 
nery are to be treated with 


municipal sewage. 


disposal 


(55) 
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Hebley (59) wrote an excellent re- 
view of the joint problems of acid mine 
water and coal washery waste water. 
The tendency of operators to overload 
clarification equipment was cited as 
a major factor in poor performance. 
There is also an informed discussion 
of the proposal by Pennsylvania to 
limit solids in washery effluents to 8 Ib. 
of 325-mesh material per ton of coal 
cleaned. 

Neutralization of acid mine water is 
impractical, according to Murdock 
(104). The amount of acid salts de- 
livered by a mine is a function of rain- 
fall or ground-water flow through it. 
Formation of acid in strip mines can 
be controlled by (a) preventing ac- 
cumulation of surface water, (b) piling 
sulfur-bearing gangue and low grade 
coal away from flowing water, and (¢) 
packing this material against the high- 
wall and covering it with at least 8 ft. 
of clay, sloped to permit drainage. 
Many useful details are given. 

Ash et al. (13) report drainage from 
anthracite mines to have pH in the 
range of 3.0 to 3.2. They claim that 
such water can be collected by lined 
concrete tunnels and used for indus- 
trial purposes after treatment to im- 
prove its chemical quality. Details of 
pumping equipment are given. John- 
son (72) found short deep sumps are 
generally more efficient than long shal- 
low sumps for settling acid mine water. 
Nordell (111) reports that iron can be 
readily precipitated from mine water 
by neutralization, followed by aeration 
or chlorination where necessary, but 
manganese removal may be more dif- 
ficult. Increasing the pH and using 
ripened filters aid in manganese re- 
moval; where the content is low, 
permanganate or chlorine dioxide have 
been advocated to oxidize the man- 
vanese. 

Leathen, Braley, and MeIntyre (86) 
studied the effectiveness of Thiobacillus 
thiooxidans in producing acid from 
sulfuritic material associated with bi- 


museum grades of pyrite and marcasite 
in substrates, they found no acid pro- 
duction from the first two and only a 
little from mareasite. Appreciable acid 
and sulfate were produced by the or- 
ganism only when the substrate con- 
tained elemental surfur. On the basis 
of experiments running 56 weeks, with 
periodic analysis of substrates for acid, 
ferrous iron, R,O,, sulfate, and pH, 
they concluded that crystalline strue- 
ture of sulfuritic material in bitu- 
minous coal affects the rate of acid 
formation and that the amount of acid 
formed in mines cannot be accounted 
for by T. thiooxidans. The authors also 
studied unclassified bacteria isolated 
from mine water and found that they 
oxidized ferrous iron in acid solution. 
They produced acid from sulfur balls 
and museum grade marcasite but had 
no effect on pyrite. They conclude 
that bacteria may be responsible, in 
part, for acid formation in coal mines. 
Temple and Delchamps (167) confirm 
data of Leathen et al. on T. thiooxidans, 
but claim also that this organism en- 
hances acid production by certain types 
of sulfur balls and that T. ferrooxidans 
increases acid formation from museum 
grade pyrite. They postulate that T. 
ferrooxidans provides a continuous sup- 
ply of ferric ions, which react with iron 
disulfide to form ferrous sulfate, there- 
by increasing the rate of conversion of 
disulfide to sulfate. Leathen, in a per- 
sonal note, states that the organism he 
used was not 7. ferrooxidans, as claimed 
by Temple, but an unnamed bacillus. 
The role of bacteria in acid formation 
will evidently require further investi- 
gation before complete agreement can 
be reached. 


Coking and Gas Works 


Some 4 m.g. of gas liquor has been 
applied to farmland in England over 
the past three vears at a rate of 400 
gal. per acre, equivalent to 300 lb. of 
ammonium sulfate (9). The nitrogen 
is readily assimilable, does not rely on 
rainfall to become effective, and costs 
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farmers about $15 per 1,000 gal. Gold- 
thorpe and Taylor (50) report that the 
effect of crude gas liquor on sewage 
treatment processes is greatly lessened 
by steaming it before discharge. Rich- 
ardson (132) found that separation of 
tar from gas liquor made it less objec- 
tionable at sewage plants. 

The Ohio River Valley Water Sanita- 
tion Commission published a manual 
(112) describing the operation of a by- 
product coke plant, sources of pol- 
lutants, methods being used to reduce 
their volume and 
disposal methods. 


concentration, and 
Taubert (164) re- 
ported that biological dephenolation of 
gas liquor is a practical supplement to 
preliminary treatment. Putilina (128) 
developed strains of phenol-destroying 
bacteria which could reduce phenol in 
concentrations of 200 to 1,000 mg. per 
|. toa point at which chlorophenol odor 
could not be detected. The method has 
only been used experimentally. Muns 
and Thompson (105) reviewed the 
origin of phenolic tastes in water sup- 
plies. They concluded that substances 
other than phenol were responsible for 
most tastes and odors; this was based 
upon analyses which showed no cor- 
relation between phenol content and 
taste level at a water filtration plant. 

A phenol extraction process (8) re- 
ported operating in Eastern Germany 
uses a selective solvent in a 7-stage con- 
tinuous column, which reduces phenol 
to 50 from 150 me. per |. It is claimed 
that the final concentration will eventu- 
ally be reduced to 20 mg. per 1. 
Niegowski (108) stated that ozone can 
be used to destroy phenols in a variety 
of industrial wastes. In most cases 
only pH adjustment will be required 
as a preliminary to ozonation, but 
wastes high in sulfides may need pre- 
aeration. He lists data on wastes rang- 
ing in phenol content from 38 to 11,600 
p.p.m. yielding effluents in which phenol 
ranged from 0 to 2.5 p.p.m. 

Pickering (119) pointed out that the 
English gas industry produces 140 m.g. 
of crude ammonia liquor annually. 
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Under the present structure of the in- 
dustry, if maximum benefit is to be ob- 
tained there will have to be more cen- 
tralization. This would mean that in 
some instances the volume of gas liquor 
would be at least 2 per cent of the dry 
weather flow of local sewer systems. 
Wedgewood (182) maintained that gas 
liquors should be examined in the light 
of substances they contain which either 
inhibit or augment biological reactions 
at sewage plants; this would have more 
meaning than measurement of their 
B.O.D. or oxygen absorption. 

Chamberlin and Griffin dis- 
cussed the extent of the problem created 
in the U.S. by the discharge of phenolic 
wastes and the efficacy of various 
methods of meeting the problem by the 
treatment processes employed. The in- 
crease of the phenolic waste problem 
is associated with the growth of the 
plastics industry. Coke quenching is 
estimated to be eliminating 50 per cent 
of the problem in the coke division of 
steel and gas industry. Stripping op- 
eration are proving effective in reduc- 
ing the phenol waste problem. Coal 
absorption and activated carbon are 
promising solutions. The use of bio- 
logical and chemical oxidation processes 
is confined to a few plants. 


(28 ) 


Pickling 


The Ruthner process for regenerating 
sulfate pickle liquor was described by 
Gray (51). Spent lquor is coneen- 
trated by evaporation to 50 per cent of 
its original volume; its ferrous sulfate 
is converted to ferrous chloride by 
treatment with an hydro- 
chlorie acid gas; the ferrous chloride 
is removed by centrifugation and eal- 
cined to ferrie oxide and hydrochloric 
acid, which is returned to the conver- 
sion step; the mother liquor is stripped 
free of hydrochloric acid and returned 
to the picklers. This represents a new 
approach to the pickle liquor problem. 
but the process will require pilot in- 
vestigation before it can be evaluated 
economically. It is reported (10) that 
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a west coast steel mill is barging its 
spent pickle liquor 12 mi. to sea to 
avoid stream pollution. 

Swindin (163) patented a process 
covering concentration of pickle liquor 
by submerged combustion to the point 
at which ferrous sulfate precipitates as 
the monohydrate, removing the pre- 
cipitate by centrifugation and return- 
ing the recovered acid to the picklers. 
Hoak (63) published a guide to the 
purchase and efficient use of lime for 
neutralizing pickle liquor. Dilley (36) 
described a pickle liquor neutralization 
plant. He stated that the cost of 
neutralization averages about $4 more 
than the price per ton of fresh acid. 
Part of the spent liquor is used to 
neutralize alkaline waste water and to 
break emulsions at an oil recovery 
plant. 

Bliss (16) patented a process for 
treating brass pickling liquor by eation 
exchange, which recovers a portion of 
the metal from the regenerant solution. 
Neutralization of residual regenerant 
with lime permits discharge to a stream. 
McElhaney (91) described the Talon 
waste treatment plant. Acid and cyan- 
ide wastes. including rinse waters, are 
segregated for separate batch treat- 
ment. Cyanides are completely de- 
stroyed with chlorine and lime is then 
used to precipitate heavy metals. Care- 
ful control is exercised over all waste 
producing operations to avoid exceed- 
ing treatment plant capacity. 


Plating 


Dodge, Walker, and Zabban (37) 
summarized their studies of plating 
waste disposal. Cyanides can be com- 
pletely destroyed with chlorine gas, 
chlorine compounds, ozone, and other 
oxidizing agents; it can be removed 
from solution by acidification and aera- 
tion, and by precipitation with metals 
that form insoluble complexes. Ion 
exchange can be used to recover simple 
«vanides and metal complexes by con- 
centration for re-use. Cyanates can be 
destroyed by hydrolysis. The authors 
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report 0.1 p.p.m. cyanide and 0.1 to 0.2 

p.p.m. copper and zine as toxic thresh- 
olds. Hauri (58) reported substantial 
savings of cyanide plating solutions by 
conservation measures. 

Mindler (95) reviewed ion exchange 
practice in plating waste treatment and 
cited dollar savings at one plant. Wat- 
son (179) suggested that the waste 
water leaving a chrome-plating plant 
should first be measured and_ steps 
taken to reduce this volume. He re- 
ported that it has become reasonably 
standard to reduce hexavalent chro- 
mium to 5 p.p.m., where the waste is 
discharged to a sewage treatment plant 
or to 0.5 p.p.m. if the waste flows to a 
stream. Channon (29) described re- 
duction of hexavalent chromium with 
liquid sulfur dioxide. Greer (52) dis- 
cussed the theory and application of 
redox potentials to treatment of chro- 
mium wastes. 

Hodges (64) described treatment of 
plating waste, largely chromium and 
nickel, using sodium metabisulfite. 
With this reagent, pH should be 2 to 3; 
reduction is rapid, and lime can be 
added 10 to 15 min. after the metabi- 
sulfite. Operating data are given. 
Armstrong (12) reported savings from 
an anodizing operation by reeyeling 
rinse water through anion and cation 
exchangers in series in a closed sys- 
tem. Chromium is recovered in the 
anion, aluminum in the cation ex- 
change beds. Whitlock (183) stated 
that cyanide interferes with sewage 
treatment processes at 2 p.p.m. for 
percolating filters, 1.0 to 1.6 for ae- 
tivated sludge, and 1.0 to 1.6 for sludge 
digestion. He recommended holding 
cyanide constant at 1 p.p.m. or less for 
minimal interference. But Southgate 
(156), reporting British experience, 
found that percolating filters could 
handle 200 p.p.m. if prepared by grad- 
ual inerease in concentration of cyan- 
ide. He remarked the fluctuation of 
cyanide concentration from small plat- 
ing plants and suggested preliminary 
biological filtration before discharge to 
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sewers. He found that fairly high 
concentrations of metal cyanides were 
reduced when treated with domestic 
sewage. 

An evaporation method for reclaim- 
ing chromium, nickel, and copper from 
acid plating solutions was described by 
Parina (116). Ton exchange was rec- 
ommended for removal of contaminat- 
ing metals prior to evaporation of 
water. Since the value of re- 
claimed metals fully offsets the cost of 
the operation only at large plants, 
Paulson (118) recommended deminer- 
alization of rinse water as an economi- 
cal expedient for small plants. He 
presented operating details of such 
installations. Sundwick and Delos 
(162) described treatment of a complex 
plating waste to vield an effluent which 
meets the USPHS standards for drink- 
ing water; the paper tabulates before- 
and-after data. Details of another 
complex plating waste disposal installa- 
tion were given by Townsend (171), 
including operating details. Walker 
and Zabban (177) reported that cation 
and anion exchangers in series were 
more effective than a single anion treat- 
ment for dilute copper, zine, and silver 
waste. An extensive table of data gives 
full details. 

The waste disposal problem at Pratt 
and Whitney Aircraft is discussed by 
Burdoin (24). The wastes arise from 
plating, anodizing, copper stripping op- 
erations, pickling, and machining op- 
erations. Rinse waters are allowed to 
be discharged into the river under cer- 
tain restrictions. Treatment for strong 
baths and soluble oils were provided as 
follows: (a) soluble oils by alum and 
lime or pickling liquor and lime; (b) 
pickling liquors containing hydrofluoric 
and acid ferric sulfate to replace alum 
for coagulation of soluble oils, excess 
volumes being neutralized with lime; 
(ec) strong acid wastes neutralized with 
lime; (d) cyanide wastes treated by 
alkaline chlorination; (e) chromic acid 
wastes treated with sulfur dioxide and 
the trivalent ion precipitated with 
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lime; and (f) strong alkali wastes used 
for the neutralization of acid wastes or 
the cyanide wastes. The description 
and operating results of the treatment 
plant are given. 

The waste treatment is described by 
Clayton (30) at another aircraft fac- 
tory where they are principally in- 
terested in removing suspended solids 
by compressed air flotation. 

Hendel and Stewart (61) describe 
the design of three recent installations 
for the treatment of wastes from metal 
industry. Flow-through process with 
automatic equipment for neutralization 
of acids by lime and soda, reduction of 
hexavalent chromium with sulfur di- 
oxide, and oxidation of cyanides with 
chlorine are employed. 


Petroleum 


Rawn (129) reviewed waste disposal 
practice in Los Angeles with special 
emphasis on oils and brines. Pomeroy 
(123) discussed the meaning of various 


methods for describing the floatability 


of oils and greases. <A design for oil- 
skimming basins was outlined by Al- 
bright (1). The design removes all 
traces of residual oil and yields a 
crystal clear effluent. Excelsior is used 
to achieve final polishing. Keefer (76) 
reported that a Baltimore ordinance 
prohibiting discharge of oil to sewers 
resulted in collection of more than 4 
m.g. by the city in 15 years. After 
treatment the oil is used as fuel at a 
steam power plant. Treatment of solu- 
ble oil wastes by pressure flotation was 
described by Beebe (14). Emulsions 
are broken with aluminum salt; addi- 
tion of silicate forms floe which adsorbs 
oil, the floc being removed by skimming. 

It was pointed out by Bloodgood (17) 
that the mechanism by which chemical 
coagulants remove oil from water is not 
fully understood. He discussed basic 
research in progress on the problem 
and outlined plans for further study. 
Davis (34) described surface equip- 
ment required for return of brines to 
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vil-bearing strata in use at two large 
operations. Herndon (62) patented a 
process for recovering sulfur from acid 
sludges which comprises flowing the 
sludge onto an incandescent bed of coke 
to form sulfur-bearing gases. These 
gases, freed of oil and coke breeze, are 
mixed with a hydrocarbon gas and 
passed through a second incandescent 
bed of coke, which reduces sulfur com- 
pounds to sulfur. The sulfur is re- 
covered by condensation. Shiffler (151) 
patented a process for burning acid 
sludge whereby its sulfur content is 
largely converted to hydrogen sulfide. 
Keshen (77) reported upon replace- 
ment of a refinery waste-water sewer 
with 36-in. vitrified clay pipe jointed 
with a resinous cement. McRae (92) 
reviewed phenol disposal practices and 
described a biological oxidation plant 
under construction at Sarnia, Ontario. 
The feed is not expected to exceed 150 
p.p.m. and the cost is estimated at $0.07 
per pound of phenol destroyed. Nau- 
mova and Gromyko (106) report that 
a spent decolorizing clay (gumbrine) 
improves the physical properties of 
heavy soils, increases moisture reten- 
tion, and favors plant growth. Stor- 
mont (160) described the extreme pre- 
cautions taken at a small West Coast re- 
finery to prevent contamination of 
potable underground water by recharg- 
ing brines. 


Steel Wastes 


Kinney (80) described a recently 
completed program which has entirely 
eliminated air and stream _ pollution 
from a blast furnace operation. Jen- 
sen (71) gave details of a steel mill 
treatment plant designed to handle 
mixed waste waters at low cost. Gen- 
eral practice for control of stream pol- 
lution at one large steel mill was de- 
scribed by Martinez (90). Where there 
is a shortage of water, ingenious meth- 
ods are developed to make maximum 
use of the available supply; some of 
these methods were discussed by Partin 
(117). The integrated recirculation 
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scheme adopted by a mill to conform to 
Pennsylvania requirements was de- 
scribed by Schoen (147). Activated 
sludge, with provision for conversion to 
biosorption, has been installed at a steel 
mill to handle domestic sewage and 
industrial wastes. Vail (173) discussed 
a flowsheet and gave details of the pre- 
treatment provided for waste water. 
Walton (178) gave full details of a 
blast furnace gas wash-water system 
which recovers iron oxide for re-use. 
Purdy (127) described modifications of 
the Ufer process for refining light oil, 
which resulted in considerable savings 
through conservation of sulfuric acid. 


Pulp and Paper 


One of the advantages cited by Col- 
lins (32) in the oxidation of sulfate 
black liquor (spent kraft cooking 
liquor) is the reduction of stream pollu- 
tion. His paper contains a summary of 
the methods employed, with a review 
of the research and development studies 
as well as an extensive bibliography on 
the subject, including patents. Moggio 
and Gehm (98) deseribe a pilot plant 
designed and constructed for the pur- 
pose of investigating the feasibility of 
biological treatment by modified ac- 
tivated sludge of kraft mill effluents. 
Design and operating features are out- 
lined, as well as the testing procedures. 
The pilot plant was designed to in- 
vestigate nutrient requirements, aera- 
tion periods, air requirements per gal- 
lon of waste treated, sludge formation, 
sludge concentration, methods of sludge 
disposal, and the effect of shock loads. 
Moggio (96) summarized the research 
being carried out at Louisiana State 
University on kraft effluent treatments 
by biological and chemical methods. 
Results of biological treatment on a 
pilot-plant seale indicated substantial 
B.O.D. reductions. Results using a 
combination of this process with stor- 
age oxidation showed promise. Prob- 
able applications of the process are 
also covered. Chemical treatment proc- 
esses for color removal, involving the 
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use of hydrated lime and carbonation, 
are described. Various suggested meth- 
ods for the handling of the hydrous 
sludges obtained upon lime treatment 
of kraft effluents, involving the use of 
vreen and white liquors (sodium hy- 
droxide and sodium carbonate), are 
described. Possible applications and 
integration of the latter treatments are 
suggested. Moggio and Freeman (97) 
present a detailed report of the lab- 
oratory results obtained from the treat- 
ment of the hydrous sludges obtained 
when kraft effluents are treated with 
hydrated lime for the purpose of color 
removal. This new treatment tech- 
nique involves the use of caustic liquors 
from the kraft chemical recovery sys- 
tem. The hydrous sludges, consisting 
mainly of calcium-organie compounds, 
are converted to crystalline ones through 
the use of the caustic liquors high in 
carbonate content. The organic matter 
of the hydrous sludges is dissolved in 
the caustic liquor and the calcium 
precipitates as the carbonate, which is 
easily settled and dewatered. <A factual 
summary on water use and its effect of 
effluent volumes in the kraft industry 
was prepared by Gehm and Moggio 
46). Methods used for water 
servation are described, with flow dia- 
grams. An appendix contains a com- 
prehensive list of data on kraft mill 
water usage per ton of product and 
the characteristics of the effluent with 
respect to B.O.D. and fiber losses. 

A discussion of the problems con- 
nected with waste sulfite liquor collec- 
tion, evaporation, and burning is pre- 
sented by Edwardes (38). The author 
reviews the latest developments in Eu- 
ropean practice and briefly touches on 
chemical recovery using soluble bases. 
Amberg (5) describes pollution abate- 
ment programs of the sulfite industry 
in the Pacific Northwest, which include 
the use of spent sulfite liquor as a road 
binder, soil conditioning agent, and for 
irrigation and disposal methods utiliz- 
ing storage lagoons and submarine dif- 
fusion lines. The same author (3) 
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describes a laboratory process for the 


recovery of ammonia from ammonia- 


base sulfite liquor by means of elec- 
trodialysis and states that the process 


appears to have some promise as an 
economical method. Durst, 
and Thode (70) present an experi- 
mental method for ammonia recovery 
by evaporation of ammonia-base spent 
sulfite liquor with spent kraft liquor in 
various ratios. Recoveries of 60 to 100 
Nierman (109) 
reports on laboratory studies designed 
to decrease the permeability of soil 
lagoons constructed for storage of spent 
sulfite liquors through the use of lime 
or cement plant stack dust. His find- 
ings showed that cement plant stack 
dust was superior to lime in lowering 
the coefficient of permeability and the 
best results were obtained with a mix- 
ture of 60 per cent stack dust and 40 
per cent soil. Estimated costs for treat- 
ment of an acre of lagoon surface to a 
depth of 6 in. would be approximately 
$2,000. In a series of articles Rudolfs 
and Hanlon (138) (139) (140) present 
data on the effect of light, chlorination, 
biological treatment, and activated car- 
bon on the color of spent sulfite effluents 
and rag, rope, and jute cooking liquors. 
They conelude that physical, chemical, 
and biological methods do not have the 
same effect on the color characteristics 
of a particular waste, nor does any one 
of these methods consistently produce 
the same results for different types of 
wastes. 

An unusually large proportion of the 
efforts to solve the spent sulfite liquor 
pollution problem is devoted to research 
on the utilization of the liquor in one 
manner or another. Some of these 
methods involve the use of the liquor 
for reconditioning asphalt road sur- 
faces (184), for the production of 
ethyl aleohol (7), and for the produe- 
tion of fodder yeast (190). Numerious 
foreign and United States patents (60) 
(146) (23) (100) (84) (189) (82) have 
been granted involving the utilization 
of spent sulfite liquors. 
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A report by Palladino (115) sum- 
marized the operating data obtained 
from the operation of a demonstration 
plant for the treatment of de-inking 
wastes, which utilized a biological aera- 
tion process. B.O.D. removals ranged 
from 25 to 50 per cent in the primary 
settling tank and over-all removals, 
after the aeration phase, ranged from 
80 to 90 per cent. Reductions depended 
on the source of the waste flow treated. 
Biological action was stimulated by ad- 
dition of small amounts of supple- 
mental nitrogen compounds. Data on 
detention periods, air requirements, 
and primary and secondary sludge 
characteristics are included, as well as 
the operating details. The design and 
operating criteria for primary treat- 
ment of de-inking effluents are the sub- 
ject of a National Couneil for Stream 
Improvement report (105). Three 
phases of the primary treatment of de- 
inking effluents are outlined, including 
the separation of settleable solids, de- 
watering of the resultant sludge, and 
disposal of the dewatered sludge. The 
report deals specifically with the ac- 
complishment of the three phases by 
the separation of settleable solids in 
settling tanks of conventional design, 
sludge dewatering in sludge lagoons or 
by vacuum filtration, and the disposal 
of the sludge as land fill. Thompson, 
Swanson, and Sears (170) describe 
laboratory experiments directed toward 
determining the principal variables in- 
fluencing the coagulation and filtration 
of solids in de-inking effluents. They 
found that lime coagulation is gen- 
erally more effective than simple set- 
tling in the reduction of the solids 
content. 

Gamble and Butler (44) deseribe an 
experimental soil perfusion technique 
for reducing the B.O.D. of neutral sul- 
fite semi-chemical spent liquor. Using 
an enriched soil they obtained B.O.D. 
reductions of 57.4 per cent in 96 hr. 
Opferkuch (114) describes the sources 
and characteristics of spent semi-chemi- 
cal liquors and effluents and the various 
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chemical and biological treatments the 
liquors have been subjected to. | Chemi- 
cal recovery systems are briefly touched 
upon, including concentration meth- 
ods involving submerged combustion, 
vapor compression, and selective sol- 
vent concentration. Possibility of 
acetic acid recovery from the concen- 
trated spent liquors is pointed out. In 
another publication by the same author 
(113), the laboratory results of a selee- 
tive solvent method for the concentra- 
tion of semi-chemical spent liquors are 
reported on. Of the two solvents used, 
isopropanol and acetone, the latter was 
found to be more efficient. Solids con- 
centration of the spent liquor could 
be increased from 10 to 45 per cent by 
the use of this ‘‘salting out’? method. 
No operating difficulties were encoun- 
tered, but the calculated costs are con- 
siderably higher than costs for multiple- 
effect evaporation, due to the cost of 
the acetone losses and the heat require- 
ments for the recovery of the large 
volumes of acetone needed. 

Rudolfs and Amberg (135) (136) 
and Amberg (4) report on the bio- 
logical treatment of white waters and 
white water concentrates by the ac- 
tivated sludge and nonfloceulent growth 
methods. With the latter method it is 
possible to experimentally reduce the 
B.O.D. about 80 per cent at 30° C. with 
B.O.D. loadings of about 200 Ib. per 
1,000 cu. ft. of aeration capacity per 
day using a 4.3-hr. aeration period and 
approximately 2 cu. ft. of air per gallon 
of waste treated, having an_ initial 
B.O.D. of 500 p.p.m. Sludge volumes 
of about 370 cu. ft. per m.g. of waste 
can be expected. Waste concentrates 
of up to 3,000 p.p.m. B.O.D. can be 
effectively handled. Using activated 
sludge on white water concentrates of 
4,300 p.p.m. B.O.D., about 96 per cent 
of the applied B.O.D. can be reduced 
in 22 hr. at a B.O.D. loading of nearly 
300 Ib. per day per 1,000 cu. ft. of aera- 
tion capacity. Approximately 375 eu. 
ft. of 3 per cent sludge can be expected 
per 1,000 Ib. of B.O.D. added. Am- 


th? 
a 
J 
3 
+ 


710 


berg (32) describes experiments on the 
lagooning of white waters, in which 
B.0.D. reductions of 80 per cent can be 
attained in lagoons of 2-ft. depth at 
30° C, with a B.O.D. loading of 70 Ib. 
per acre-foot per day with a storage 
period of 8 to 10 days if nitrogen and 
phosphorus nutrients are supplied to 
the effluent. With lagoons of 4-ft. 
depth the loading figure is halved. 
Oxygen supply appears to be the criti- 
cal factor. Supplying air by diffusion, 
in small quantities on an intermittent 
basis, to the deeper lagoons will pro- 
duce comparable B.O.D. reduction rates 
attained with the shallow’ lagoons. 
Gehm (45) describes the present prac- 
tice and equipment used for the re- 
moval of suspended solids from white 
water effluents. Rudolfs and Nemerow 
(142) report that slime growth at- 
tributable to white water recirculated 
in board mills can be eliminated by the 
addition of 200 p.p.m. alum, or by rais- 
ing the temperature to 50° C., or by the 


presence of free mineral acid giving a 
pH of 4 or less. 

Simpson, Samsel, and Duke (152) 
describe a treatment system designed 
and operated to treat effluent from a 
plant manufacturing asbestos millboard 


and insulating materials. The effluent 
is treated for grit removal and is then 
coagulated and clarified. Sludge is 
re-used as make-up in the plant. The 
clarified effluent from the clarifier is re- 
used as beater and shower water. All 
but 10 per cent of the treatment plant 
effluent is re-used in the plant at an 
estimated saving of approximately 
$70,000 yearly. Operating results are 
reported. 

Jung (74) conducted experiments 
in high-rate digestion of strawboard 
wastes. A bacterial floc was kept in 
suspension in a digester by continuous 
stirring. Sludge was kept in a pilot 
plant rapid digester for 15 hr., then 
settled for 1 or 2 hr. and pumped back 
to the rapid digester and to a re- 
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generating digester. Ripe solids were 
pumped back to the rapid digester at a 
rate sufficient to accomplish one com- 
plete turnover a week. Volatile solids, 
B.O.D., and permanganate oxygen de- 
mand were reduced 41, 40, and 50 per 
cent, respectively. It is contended that 
the method is suitable for strong or- 
ganie industrial wastes. 
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WATER POLLUTION 


Bacteriology 

During the year 1953 considerable 
new information was reported relative 
to the bacteriology of stream pollution. 
Hlowever, many of the old problems re- 
garding materials, procedures, and in- 
terpretations have not been satisfac- 
torily answered. Levine (155) dis- 
cussed the development of coliform 
standards, and indicated possible errors 
in trying to apply the same standard 
to drinking waters without regard to 
veographical location, type of water, 
ete. He also pointed out the dangers 
of applying drinking-water standards 
to swimming pools, bathing beaches, 
shellfish, and beverages. 

In a discussion of water quality yard- 
sticks, Mallmann (164) concluded that 
the coliform test is a satisfactory method 
of measuring the sanitary quality of 
inunicipal water supplies, but that the 
use of a fecal-type coliform organism 
is not applicable as yet due to the lack 
of a satisfactory method of identifica- 
tion, and that a new yardstick for 
measuring the sanitary quality of rural 
supply is needed. 

From a study of waters in southern 
Louisiana, Leininger and McCleskey 
(153) believed that the coliform test 
had only limited value in the examina- 
tion of surface waters, and that more 
reliance should be placed on sanitary 
inspections. The results of these studies 
showed that recently polluted waters 
could be differentiated from relatively 
clean waters more accurately by the 
enteroecoeeus test than by the coliform 
test. In these waters both coliforms 
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and enterococci died off quite rapidly 
in stored samples. 

Litsky et al. (158) studied the 
coliform-enterococeus ratios in samples 
collected from the settling tank in a 
sewage treatment plant. They found 
a straight-line relationship between 
coliform and enterococcus densities with 
a positive correlation of + 0.9. 

In the enumeration of Streptococcus 
faecalis in polluted water, Allen et al. 
(6) found the inhibitory actions of high 
temperature (45° ©.) and azide on 
attenuated organisms were largely 
overcome by a preliminary period of 
ineubation in double-strength glucose 
broth before addition of the azide-agar 
portion. Phosphate as a potassium salt 
at a concentration of 0.7 per cent. if 
autoclaved with the other constituents 
of the medium, exerted a depressing 
effect on the count. When added after 
sterilization it showed no inhibitory 
action. 

Childs and Allen) (47) compared 
three methods for determining the most 
probable number of Bacterium coli (EP. 
coli) and Str. faecalis. With samples 
of polluted water the “subculture” 
method gave significantly higher counts 
than the ‘‘direct’’ method for Str. 
faecalis but not for B. coli, The 
‘*resuscitation’’ method gave signifi- 
cantly higher results than the ‘‘sub- 
culture’? method for both organisms; 
it required less time for completion and 
was specific for the organisms con- 
cerned. 

The Public Health Laboratory Serv- 
ice Water Subcommittee (191) re- 
viewed the results of 10,436 fermented 
tubes arising in the presumptive coli- 
form examination of water samples at 
six laboratories in England and Wales. 
For samples from unchlorinated sup- 
plies, confirmation of all presumptive 
positive tubes gave a correction of only 
0.5 per cent. With chlorinated waters, 
however, confirmation disclosed an er- 
ror of 5.5 per cent, largely due to the 
presence of anaerobes. 

Hloather (110) analyzed the results 
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of 140 routine water samples collected 
from public water supplies that had 
been examined for coliforms and FE. 
coli on the day of collection and again 
on the following day. Of 93 samples 
stored at 5° C. and 47 at 20° C., only 
one sample showed a significant change 
in coliform or E. coli content. There 
was a possible average decrease of 12 
per cent in the intermediate-aerogenes- 
cloacae counts, which was considered to 
be of little hygienic significance. 

In contrast to Hoather’s report, 
the Public Health Laboratory Service 
Water Subcommittee (192) found that 
some samples showed significant changes 
after only 6-hr. storage at refrigerator 
temperatures ; the coliform content was 
significantly altered in 25 per cent of 
samples and the faecal coli (EB. colt) 
content in 10 per cent of samples. The 
investigation showed that fewer changes 
occurred after 6-hr. storage than after 
24-hr. storage, and storage for 6 hr. at 
refrigerator temperature was prefera- 
ble to storage for 6 hr. at room tempera- 
ture. The Subcommittee also showed 
(192) that 0.1 ml. of a 3 per cent solu- 
tion of sodium thiosulfate in a_ 6-oz. 
water sample had no significant effect 
on the coliform or faecal coli content 
of nonchlorinated samples during 6-hr. 
storage at refrigerator temperature, 
and that there appeared to be no dis- 
advantage in adding this amount of 
thiosulfate to all water sampling 
bottles. 

Some factors affecting the viability 
of faecal bacteria in water have been 
studied by Allen, Pasley, and Pierce 
(5). They found that for both EB. coli 
and Str. faecalis the death rate was 
greatest at pH 6.1 to 7.1, less at pH 
7.6 to 7.7, and least at pH 5.0 to 5.2) E. 
coli died more rapidly under anaerobic 
than under aerobic conditions, but little 
difference was observed in the rates of 
death for Str. faecalis under the two 
conditions. Mixed strains of E. coli 
were capable of growth in lower con- 
centrations of nutrient materials than 
were single strains. The lowest con- 
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centration of nutrient broth at which 
substantial growth occurred was 10 
p.p.m. With Streptococer no growth 
occurred in any concentration of broth 
up to 375 p.p.m.; with a concentration 
of 500 p.p.m., slight growth occurred. 

Thomas et al. (227) classified the 
bacteria isolated from 
142 samples of 97 farm water supplies, 
representative of upland surface waters 
and unprotected rural supplies. Of 
ISO cultures classified, 31.1 per 
were FE, coli, 23.9 per cent intermedi- 
ates, and 45 per cent of the aerogenes- 
cloacae type. The authors point out 
that their use of 30° C. instead of 
37° C. incubation temperature would 
account in part for their finding higher 
proportions of the aerogenes-cloacae 
types than is generally reported. They 
believed that their procedure probably 
vave a more reliable picture of the dis- 
tribution of the coli-aerogenes bacteria 
under natural conditions than conven- 
tional ineubation temperatures. 

Tergitol-7-triphenyl tetrazolium chlo 
ride agar has been proposed by Kulp 
et al. (145) to replace Endo and EMB 
agars as the confirmatory medium for 
coliforms. It is said to be completely 
inhibitory to Gram-positive bacteria, to 
exert no inhibitory action on any coli- 
forms, and that the differentiation is 
clear-cut and rapid between coliforms 
and other Gram-negative bacteria. Ad- 
ditional observations on the use of this 
medium are needed. 

Maassen, Knothe, and Krohn (163) 
have examined 267 strains of coliform 
organisms belonging to the aerogenes 
group and derived from human sources. 


coli-aerogenes 


cent 


That this group of organisms at times 
exhibit pathogenic properties and can 
be isolated from human duodenal liq- 


and urine indicates that 
their presence in water need not be 
completely innocuous. 

Dianova and Voroshilova (65) have 
reported that self-purification of pol- 
luted streams follows curves closely 
resembling curves of bacterial growth 
in favorable media and varies with 


uid, faeces, 
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seasonal changes. Chemical data, such 
as B.O.D. and mineralization of organic 
compounds, may offer a means of con- 
firming bacterial growth curves, or 
maximum points on such curves. 

l'rom the waters of the La Plata and 
Riachuelo Rivers, Ferramola et al. (77) 
have isolated 119 species of bacteria, 
comprising + genera, that grew well in 
a mineral salts medium containing 0.05 
per cent phenol. The concentration of 
phenol was found to be important. 

s3anwart and Ayres (31) found that 
Selenite F tetrathionate or Ruys media 
did not support the growth of 8 species 
of Salmonella as well as does nutrient 
broth. Selenite F appeared to be one 
of the better broths. When whole egg 
was added to these broths the inhibi- 
tion of the members of the genus 
Salmonella was reduced.  Brilliant- 
vreen agar supported a more luxuriant 
growth of a species of Salmonella than 
the other media tested. Bismuth sulfite 
shown to be significantly in 
hibitory. 

Dunlop (72) isolated Salmonella 
from 23 of 113 samples of natural ir- 
rigation water. From the 23 positive 
samples, 14 species of Salmonella were 
demonstrated, including one strain of 
S. typhosa. From 45 samples of celery, 
lettuee, and cabbage irrigated with the 
polluted waters, however, no Salmonella 
organisms were recovered. Because of 
the potential health hazard. the author 
advocated adequate treatment of do- 
mestie and industrial wastes before they 
were discharged into streams used for 
irrigation. 

The findings of Norman and Kabler 
(177) confirmed those of Dunlop, in 
that Salmonella were present in the 
waters in readily demonstrable num- 
bers; were present in the soils in only 
low concentrations; but were insuf- 
ficiently numerous on the vegetables to 
be demonstrated by the procedures 
used. They also found that the coli- 
form content of irrigated soils studied 
reflected, in general, the coliform den- 
sity of the water they received; and 
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vegetables irrigated with waters of high 
coliform count exhibited a higher coli- 
form flora than vegetables irrigated 
with relatively pure water. 

Wagener ef al. (235) investigated 
the detection of tubercle bacilli in sew- 
age from tuberculosis sanatoria. They 
found that several methods of treat- 
ment reduced the (. tuberculosis con- 
tent, but that complete removal was 
very difficult. 

Dauer (62) found that a slightly 
larger number of waterborne outbreaks 
of disease was reported in 1952 than 
in 1951, but that the number of per- 
sons involved (530) was smaller in 
1952. In one outbreak, well water. 
which became polluted as a result of 
a blocked sewer, was the vehicle of 
typhoid infection; in another, a dug 
well supplying water to a restaurant 
was considered the source of typhoid 
infection. There were no outbreaks of 
shigellosis considered to be waterborne. 
There was one large outbreak of in- 
fectious hepatitis that occurred at a 
summer camp in which spring water 
was shown to be polluted. 

Cavaleanti (43) reported in detail a 
large waterborne outbreak of typhoid 
fever in two towns resulting from the 
accidental breaking of a sewer. Two 
other large outbreaks of waterborne 
typhoid fever in Neuotting, Germany, 
in 1946-47 and in 1948 were described 
by Kirchback (135). The latter out- 
break included 1,050 cases and 97 
deaths in a population of about 7,000. 
It appeared that the precise cireum- 
stances under which the polluted water 
gained entrance to the mains were not 
established. 

Collet ef al. (55) used a membrane 
filter procedure for the isolation of 
S. typhosa from a well water. A small 
outbreak of typhoid fever was at- 
tributed to this water. The isolation 
procedure was given in detail. 

Jusatz (125) has discussed the spread 
of tularemia in mid and western Eu- 
rope during the last decade. He enu- 
merated several means of transmission, 
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including various animals and insects. 
Those cases which occurred in south- 
east Europe and in Asia Minor in 1945 
were believed to have been derived from 
infected running water. 

Renshaw (198) reported that iodine 
added to water in a concentration of 
about 50 p.p.m. destroyed most patho- 
genic germs in 10 min. Other reports 
have indicated the bactericidal effec- 
tiveness of iodine in even lower con- 
centrations. Glibin (97) has found 
that nearly complete destruction of 
microorganisms in contaminated water 
can be attained by 1- to 5-min. ex- 
posure to radio waves of 3 to 10 em. 
using a 10- to 12-kw. apparatus. 

De Balsae et al. (63) presented ad- 
ditional information regarding the an- 
tibiotic action of sea waters for enteric 
bacteria. They have concluded that 
the antibiotic action diminished in sea 
water aged in the laboratory, disap- 
peared on heating, was not destroyed 
by passing through a Chamberland 
L, filter, and could not be attributed to 
bacteriophage. 

Chang, Isaac, and Baine (46) studied 
the removal of bacterial virus (bac- 
teriophage against Micrococcus pyo- 
genes var. albus) from water by 
flocculation with aluminum sulfate. In- 
creases in the dosage of aluminum 
sulfate from 40 to 100 p.p.m. steadily 
increased the removal of the virus. In- 
creases in pH value from 5.2 to 8.2 
steadily decreased the percentage re- 
moval of virus. Optimum virus re- 
moval and floc formation occurred at 
pH 5.2. Virus was not absorbed to 
preformed floes, but was shown to be 
removed through a reversible inactiva- 
tion in formation of aluminum-virus 
precipitate which, in turn, aggregated 
to form macroflocs. 

Kelly (133) has described a simple 
and rapid method for detecting Cox- 
sackie viruses in sewage that involved 
adsorption on and elution of the virus 
from ion exchange resins. Samples 
were collected by exposing cheesecloth 
swabs to flowing sewage for 24 to 48 hr. 
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and expressing the fluid. Using this 
procedure, Coxsackie viruses were de- 
tected in greatest amounts from July 
to early September. 

Four genera of actinomycetes were 
isolated by Silvey and Roach (216) 
from lake water. The actinomycetes 
were said to be living in cladophora. 
The authors attributed the presence of 
disagreeable tastes and odors in the 
lake water to growth by-products of 
the actinomycetes. 

The uses of membrane filter (M.F.) 
procedures were discussed by Kruse 
(142) and Taylor (226) in relation to 
environmental sanitation. Petrovich 

185) suggested a procedure for use 
with the M.F. where results were in- 
terpreted by means of a table, which 
eliminated the need of actual micro- 
scopic counts for determining the coli 
index. 

Clark et al. (48) compared the re- 
sults of water examinations using do- 
mestic membrane filters to those using 
European-made membranes. Their 
findings indicated that the European 
membranes were more sensitive to dif- 
ferential pressures and had a slower 
filtration rate than the domestic. Bae- 
terial recovery data were in good agree- 
ment. 

A membrane filter procedure for field 
application was reported by Laubusch, 
Geldreich, and Jeter (148). They de- 
scribed a vestlike garment which was 
an acceptable device for utilizing body 
heat for the incubation of membrane 
filter cultures under field or emergency 
conditions. Equally satisfactory re- 
sults were obtained by use of metal or 
plastic culture dishes. 

Yee et al. (255) recommended the use 
of a modified Endo medium containing 
8-hydroxyquinoline (oxine) for use 


with the membrane filter examination 
of water. Using this medium, approxi- 
mately 81 per cent of the sheen colonies 
and 22 per cent of the nonsheen colonies 
produced gas 
lactose broth. 
Goetz (98) developed the concen- 
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trometer method of applying molecular 
filter membranes by which the coliform 
index of water for both low or high 
indices could be determined by ex- 
amining a fixed volume of undiluted 
sample. This method was said to have 
the advantage of not requiring dilu- 
tions, and did not require numerous 
pieces of glassware. Additional data 
are needed to establish the practica- 
bility of the method. 

Task Group E5.13, A.W.W.A. (8) 
ably summarized the present status of 
the membrane filter technique for the 
examination of water. This report is 
designed to assist laboratory workers 
in conducting tests with the membrane 
filter technique. 


Biology 


Opinions on the importance of bio- 
logical knowledge in solution of prob- 
lems in waste treatment and stream 
sanitation were given by Eliassen (75), 
Dimick (67), and Starmach (220). 
Fundamental studies of fish physiology, 
behavior, and life history are needed to 
further the pollution abatement pro- 
gram (67). Liebmann (156) advocated 
compulsory college courses in aquatic 
biology for sanitary engineers. 


Bio-Assay Methods 


atrick (184) discussed the use of 
aquatie organisms in evaluating indus- 
trial waste disposal procedures. Vari- 
ous aquatic organisms, including algae, 
fish, aquatic insects, and snails, were 
proposed for laboratory bio-assay pro- 
cedures. Methods were described for 
evaluating the biological status of the 
stream based upon the numbers of 
species of invertebrates at various sta- 
tions. Gaufin and Tarzwell (90), in 
discussing Patrick’s paper, pointed out 
that these methods might not be ap- 
plicable to many streams where the 
native fauna is sparse. They empha- 
sized that the geology of the watershed 
and the stream is often a limiting factor 
in the distribution of invertebrates. 
It was further pointed out that a study 
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of fish populations by well-established 
techniques can give a quick and ac- 
curate picture of the biological condi- 
tion of the stream. 

Doudoroff (69) (70) stated that bio- 
assays of toxic industrial wastes are of 
value in the development of effective 
waste disposal and treatment methods. 
Care must be taken in testing because 
many metals in combination display 
marked synergy. Until more knowl- 
edge is available, dependence must be 
placed on sound bio-assay procedures. 

In a discussion of the use of bio- 
assays in the management of industrial 
wastes, Renn (197) suggested that blue- 
gill sunfish, Daphnia, and mayfly larvae 
be used as test animals. In estuarine 
situations, fouling organisms, such as 
mussels, barnacles, bryoza, and tube 
worms, are useful biological indicators. 
Freeman (82) suggested the stand- 
ardization of bio-assay tests by the use 
of a standardized water prepared from 
distilled water and given amounts of 
inorganic salts. A simplified bio-assay 
procedure for the testing of the toxicity 
of industrial wastes to fish was outlined 
by Anderson (9). The tolerance of 
five species of fish belonging to the sun- 
fish family were compared. Three 
species of sunfish were of the same 
sensitivity, but there was a great dif- 
ference in the tolerance of bass and the 
sunfish to the same substances. 

Herbert and Merkens (106) de- 
scribed a constant-flow apparatus in 
which 50 yearling rainbow trout were 
tested at a constant temperature and 
at a constant level of toxicant. With 
this apparatus results amenable to 
rigorous statistical treatment were ob- 
tained. 

Freeman and Fowler (84) outlined 
in detail methods for culturing Daphnia 
and gave their test procedures. Com- 
pounds tested were sodium bisulfite, 
sodium carbonate, sodium chromate, 
sodium silicate, and sodium sulfate. 
All possible combinations of mixtures 
of two and three of these salts were 
tested. Results indicate that the tox- 
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icity thresholds are lowest for combina- 
tions of three, highest for single com- 
pounds, and combinations of two were 
intermediate in toxicity. 


Bio-Assays 


Bio-assays on a variety of inorganic 
and organic compounds are summar- 
ized in Table I. 

Lasater (147) tested the toxicity of 
sulfite waste liquor (SWL) to fish and 
invertebrates known to be the food of 
salmon. The tolerance level for a 
mysid was between 421 and 516 p.p.m. 
of SWL for 14 days of exposure. Crab 
larvae, amphipods, and the shrimp, 
Spirontocaris, appear to be more toler- 
ant of SWL than are young salmon. 

Weller and Ronkin (245) found that 
0.0005M 2,4 dinitrophenol stimulated 
the cilia of the common mussel, 50 per 
cent inhibition occurred at 0.004M, and 
complete inhibition at 0.0077M. Schof- 
feniels (207) demonstrated that the 
excised gill of a clam, at 20° C. and pH 
7.5, takes up radiophosphate at a rate 
which does not follow a simple ex- 
ponential relation. Both fluoride and 
cyanide (0.001M) inhibits this uptake. 
Raven and Spronk (194) found that 
0.002M beryllium nitrate and chloride 
killed all of the eggs of Limnaea stag- 
nalis. They concluded that the beryl- 
lium inhibits the alkaline phosphatases 
of the cells. 

Hoffman and Zakhary (114) studied 
the relationship of exposure time to the 
molluseacidal activity of copper sulfate. 
Fifty-five p.p.m. killed 50 per cent of 
the snails in 6 hr., whereas an exposure 
to 1.35 p.p.m. killed the same _per- 
centage after 72 hr. The authors sug- 
gest that the use of a low copper con- 
centration maintained for an extended 
period might be more effective and less 
expensive than the high concentrations 
attained when solid copper sulfate is 
dissolved directly in the water to be 
treated. McMullen (168) reported on 


5,805 chemicals which were screened as 
molluscacides, of which 18 were highly 
effective. 


Among these were dinitro- 
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TABLE I.—Bio-Assays Reported on Various Inorganic and Organic Compounds 


Material Tested Test Organisms Remarks erence 


N Hg salts Fish Much more toxic in alkaline waters 
Heavy metal salts Fish Most toxic in soft acid water 
Combination of metal salts Fish Synergistic effect; combination of metals more 
toxic than higher conc. of individual metals 
Inorganic salts and heavy | Various Comprehensive literature review 


Goldtish and snails Survived in presence of 0.3 p.p.m. Fe 
Goldfish and snails Survived in presence of 300 p.p.m. sulfate and 164 
p.p.m. sodium tartrate 
, 0.15 p.p.m, Trout Fatal due to Zn from galvanized pipes carrying 
water containing 16.5 p.p.m. CO: 
, 0.01 p.p.m Trout ova Rainbow ova more sensitive than brown trout ova 
in low mineral acid water. Brown trout ova 
were killed, but not as a result of the disorgan- 
ization of the vitelline membrane 
Zn, Cu, and brass metals Fish Corrosion products very toxic 
Al metal Fish Toxicity of Al low, corrosion low. 
Zn (salt), 1 p.p.m., plus C Fish Lethal 

salt), 0.1 p.p.m 
Cu metal Lobsters Mets al floor in wooden tank; lobsters died in one 


Monel metal Lobsters ts floor in wooden tank; lobsters died in 6 
Zn metal Lobsters Metal floor in wooden tank; lobsters died in 9 


Al metal Lobsters Metal floor in wooden tank; over 80 per cent sur- 

vived 2 months. 

Fe or stainless Lobsters Metal floor in wooden tank; over 80 per cent sur- 

vived 2 months 

Cus04 Fish Poisoning increased the blood corpuscle resistance. 

MgCle Carp Caused narcosis more rapidly than MgSO«. 

MgCl: plus NaCl and Saponin]| Carp Caused accelerated narcosis 

HCO; Young sturgeons Affected respiration and growth 

NaCl, various conc. Fish eggs and fry 

NaCl, 4,500 p.p.m. Carp eggs Upper limit for incubation 

NaCl, 6,000 p.p.m Small carp Upper limit for survival 

Activated carbon Salmon The residual alkali in washed carbon resulted in a 

lethal pH in the hatchery water. 

CN, 0.3 to 1.0 p.p.m Fish Increasing temp. (12° to 22° C.) resulted in de- 

creasing survival period 

CN, 0.175 to 0.25 p.p.m Fish Increasing temp. had no effect on survival 

CN, 0.125-0.15 p.p.m Fish Increasing temp. resulted in increasing survival 

period (a small decrease in D.O. greatly de- 

creased survival period) 

Various fish Harmful, but fish are more tolerant as D.O. and 

pH are increased. 

Insecticides and others (87) Fish Tested to cause dispersal of schooling fish. (Some 
compounds irritating to man appear to have 
little effect on fish, others equally irritating to 
both.) 

No harmful effect when applied once each 5 weeks 
3 years 

roe ldrin, 3 Ib. per acre Tadpoles No harmful effect to tadpoles and phyllopods 

)T, 1 lb. per acre Fish Lethal to all. 

BD aphe ene, 3 lb. per acre Fish Lethal to all 

DDD, 3 lb. per acre Fish Lethal to all 

Dieldrin, 1 lb. per acre Fish Lethal to all 
IDT plus lindane Goldfish Concentrations used for insect control in Dela- 

ware were lethal 

Toxaphene, 0.005 p.p.m Goldfish Lethal in 10 days 

Aldrin, 0.02 p.p.m Goldfish Lethal in 10 days 

BHC-DDT dust, 3 p.p.m Goldfish Lethal in 10 days; 8 per cent BHC, 5 per cent 

' DDT, 3 per cent gamma isomer of BHC 

Lindane Tropical fish Toxie when air sprays are absorbed in water. 

Rotenone, 0.736 p.p.m Bluegill One survived for 6 days; that is, appeared toler- 


BHC, 1 lb. per acre Fish 


ant 
TDE, 0.014 p.p.m Fish and others No harmful effects from 1:1 dichloro-2:2 di p- 


chloropheny! ethane 
Methyl mercaptan, 0.55 to | Small Chinook salmon] Lethal. 

0.9 p.p.m 
Trichlorethylene plus benzene | Fish Lethal dose from sewage plant effluent. 
Thiourea, 1,000 p.p.m Minnows Inhibited gametogenesis, ete 
Thiourea Guppies Retarded body growth and maturation of gonads. 
rhyroxine Guppies Accelerated sexual maturation of both sexes. 
Quebrachine Bittering 50 times as toxic as quebrachic acid. 
Hydrochloride Stickleback 17 times as toxic as quebrechic acid 
Piscicide! Fish Killed by producing a catarrh in the gill epithe- 
lium sufficient to suffocate the fish and by caus- 
ing a partial paralysis of the central nervous 
system. 
MCPA?, 130 p.p.m Carp Not toxic. 
2,4-D, 260 p.p.m. Carp Not toxic. 
\groxone?, 650 p.p.m. Carp Toxic 
Aryl sulfonate, 12 p.p.m. Daphnia Toxicity threshold for Na anthroquinone-a-sul- 

fonate. 
| Toxicity threshold for Na n-butylsulfonate. 
| 


Alkyl sulfonate, 3,380 p.p.m. Daphnia 


! Piscicide from Stellar rosea. 310 per cent MCPA. 
* Pure 2-methyl-4-chlorophenoxyacetic acid. 
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alkyl and aryl phenols, halogenated 
phenols, and organic phesphorus com- 
pounds. 


Surveys 


A selected bibliography of biological 
literature useful to personnel respon- 
sible for water pollution control, sewage 
treatment, and water supplies was pre- 
pared by Ingram (118). 

Schmassman (203) classified rivers 
into four types on the bases of samples 
taken hourly for a 24-hr. period. The 
characteristics of each stream type with 
reference to oxygen, carbon dioxide, 
and nitrogen are deseribed and the 
rate of decomposition of organie matter 
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and the permissible loading of streams 
with polluting matter are discussed. 
The connection between the oxygen con- 
tent and the biology of the streams are 
considered. 

Surveys of a biological nature are 
summarized in Table IT. 

Krishna (141) found that trout eggs 
can develop normally in a tap water 
ranging in pH from 4 to 9. Outside 
this range there was an abrupt rise in 
mortality. Hata (102) studied the 
effect of temperature increases on 
young specimens of various salmonids. 
Various species had slightly different 
temperature tolerances. 

The Washington Pollution Control 


Body of Water Studied Source of Pollution Effect of Pollution = 
Douglas Lake, Mich General, minor No correlation between variations in 229 
phytoplankton populations and 
chemical environment. 
Savannah River, Ga General, minor None; an_ ecological study of a 4 
“healthy” stream | 
Schussen River, Germany General Chemical and biclogical changes over | 247 
a 23-yr. period. 
Main and Rhine Rivers, Ger- | General Correlated with the amount of sewage 93 
many fungus. 
Lake Zurich, Switz Algal blooms Decrease in fish species. 143 
Swiss and Austrian waters Algal blooms Decrease in fish populations. 44 
Werra River, Germany Phytoplankton bloom Fish kill. 206 
Farm pond, India Blue-green algae Fish kill due to low D.O. at night 
Holstein lakes, Germany Agricultural fertilizers Changes in biological forms. 178 
Streams and lakes Organic A review of general effects 66 
Ohio stream Sewage Changes in fish species and population 132 
(indicator organisms) 
Neckar (canalized) River, Ger- | Sewage General ecological study. 74 
Fulda River Sewage Correlation of chemical and biological 205 
data 
Fulda River Sewage Changes in fish population. 173 
North Platte River Sewage and org. ind. wastes Changes in benthos and fish popula- 176 
tions 
Swiss and Austrian waters Sewage and ind. wastes Decrease in fish population. 44 
Lakes and estuaries, Gr. Brit Sewage and ind. wastes Changes in plant and animal life 230 
Estuaries, Gr. Brit Sewage and ind. wastes Biological and chemical changes 219 
Red Clay Creek, Del Sewage and ind. wastes Biological changes. 128 
Streams and lakes Sewage and ind. wastes Review of literature on the effect on 120 
fish and oysters. 
Alabama streams Sew., ind. wastes, and agricul- | Limited fish production. 41 
tural insecticides 
Streams Beet sugar and potato starch | Chemical recovery 2 months after sea- 45 
wastes sonal pollution, more for biol. re- 
covery. 
Streams Tannery wastes (org., Cr, As) Toxic to fish. 223 
Streams Paper and pulp waste Decrease in plankton, benthos, and 87 
fish 
Spanish River, Ontario Kraft mill wastes Lethal to fish, frogs, and insects.! 73 
— and Clearwater Rivers, | Kraft mill wastes Changes in bottom fauna, 251 
daho 
Streams Petroleum refinery wastes Toxic to biota 52 
Frazer River, Brit. Col. Proposed petrol. refinery waste | Hazard to salmon resources. 64 
Werra River, Germany Potash waste (seasonal) Biota numbers fluctuate with salt 206 
cone 
Lakes Munition wastes Low pH and electrolytes lethal to 122 
most phytoplankton. 
Streams Acid mine wastes Caused fish to migrate downstream ; 183 
creek chub were abundant in water 
having a pH of 4.3 to 5.6. 
Brule River, Mich Sewage and acid mine waste Decrease in benthos from 5,000 to 36 224 
org. per sq. ft. 
Streams Steel pickling liquor FeSO, affects fish 210 
Estuary Sewage and pho pickling liquor | Adverse to shellfish. 131 


‘A positive correlation was found between the numbers of oligochaetes and fiber deposits. 
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Commission (240) reported four major 
fish kills that affected important com- 
mercial fisheries. The Ontario De- 
partment of Lands and Forests (179) 
report studies on effects of tempera- 
ture on fish, the effect of mercaptan in 
sulfate pulping wastes, and other fun- 
damental studies on the physiology of 
fish. 

Halstead (100), in a discussion of 
the problem of poisonous fishes, stated 
that several theories propounded for 
the causes of fish poisoning are without 
scientific basis. These untenable the- 
ories maintain the flesh of fish is made 
poisonous by (a) copper-contaminated 
water resulting from shipwrecks, war 
materiel, or naturally occurring copper 
deposits, and dumped munitions. The 
syndrome and its spotty geographical 
location that fish 


suggests poisoning 


is correlated with the food chain. 
Ingram, Ballinger, and Gaufin (119) 
studied the relationship of the pea 
clam to sewage pollution and found 
that the clam cannot live under septic 


The clams are not found 
where the gelatinous zoogleal organisms 
cover typical clam bottom areas. State- 
ments in the literature indicating that 
the Sphaeridae as a group are tolerant 
to water fouled by domestic sewage do 
not appear to be valid. Sphaerium 
solidulum was proved to be a negative 
indicator organism. 

Clarke (49) outlined the habits and 
life history of the fresh-water zebra 
mussel, and discussed some instances 
of their growth in waterworks and 
distribution systems and_ described 
methods used for their control. A con- 
centration of 50 p.p.m. of chlorine 
maintained for a period of two weeks 
will kill existing growths. Preliminary 
chlorination of raw water to about 1.5 
to 2.0 p.p.m. has prevented growth in 
mains, but one worker found that 
larvae could tolerate 10 p.p.m. for 1 hr. 

Batte and Swanson (33) studied the 
ecology and methods used in the con- 
trol of two species of Florida snail re- 
garded as intermediate hosts of liver 


conditions. 
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flukes. Copper sulfate applied at a 
rate of 20 lb. per acre-ft. to ponds and 
wet areas will effectively control these 
vectors. Wasicky and Unti (241) de- 
termined the toxicity of various sub- 
stances to the snail, Australorbis, an 
intermediate host of schistosomiasis. 
Among substances found to be effective 
were copper sulfate, the copper salt of 
2.4-D and sodium phenate, zine sul- 
fate, nicotine base, helenine, rotenone, 
and hexylresorcinol. The presence of 
aquatic plants reduced the effect of the 
copper salts. Copper sulfate was more 
effective at 25° C. than at 4° C. or 
37° C. For practical purposes, copper 
sulfate is recommended for the control 
of Australorbis. 

Several pertinent papers on the vari- 
ous aspects of the aquatic nuisances 
problem in water supplies have ap- 
peared. Roy (202) discussed the use 
of microscopy in the understanding and 
solution of water supply and pollution 
problems. Among. subjects treated 
were the use of microorganisms in trae- 
ing the pollutional history of waters; 
taste, odors, and color in water; and 
filtration of microorganisms in water 
supply. The changes that microor- 
ganisms bring about in water chemistry 
are noted. 

Wade (234) studied the algal ecology 
of the eutrophic hardwater drainage 
lakes common in Michigan. Blue-green 
algae are dominant during the summer 
and produce dense and disagreeable 
blooms. The author discusses the role 
of nitrogen fixation by blue-green algae 
as a factor of bloom conditions. Ivlev 
(121) examined the reed-overgrown 
reservoirs in the delta of the Volga 
River. During high-water periods the 
bacterial decomposition of the sub- 
merged material yields products which 
are toxic and which consume dissolved 
oxygen from the upper layers. 

Kuhnemann and Guarrera (144) cor- 
related the distribution of plankton in 
the River Plate in relation to physical 
and chemical conditions. The oceur- 
rence of the different genera in the 
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river and its tributaries is shown. 
Graphs are presented showing the re- 
lation between density of total plank- 
ton and the turbidity and temperature 
of the water. Numbers of the principal 
groups found during each month of 
the study are given and the principal 
forms are described and illustrated. 

Komarovsky (138) found colonial 
blue-green algae were the main cause 
of plankton bloom in fish ponds of 
salinity lower than 400 p.p.m. chlorides. 
Microcytis flos-aquae and Synecho- 
cystis aquatilis were important when 
the salinity was 100 p.p.m. chloride ion. 
Blooms of phytoflagellate Prynesium 
parvum appeared frequently in the 
autumn and winter in pond water con- 
taining 500 p.p.m. chlorides and caused 
extensive fish mortality. Komarovsky 
(137) also studied the relationship be- 
tween nitrogen, phosphorus, silicon, 
and phytoplankton. There was an in- 
verse correlation between numbers of 
diatoms and the nitrate nitrogen of the 
water, but no correlation between 
diatom numbers and ammonia nitrogen. 
Green algae were stimulated by am- 
monia and nitrate nitrogen. Minute 
amounts of phosphate were sufficient 
for diatom growth, while there was a 
direct correlation between phosphate 
concentration and green algae. During 
the winter and summer development of 
diatoms the soluble silica content of the 
water often drops to near exhaustion. 
Organie manure is an effective but 
slow souree of nutrients for phyto- 
plankton. Chemical fertilizers have an 
immediate but short-time effect. 

Flint (80), observing the algal flora 
of a London reservoir, found that vari- 
ous species dominate at different times. 
Diatoms are conspicuous in the winter 
and attain maximum growth in the 
spring. Chlorophyceae are conspicuous 
in the summer and appear to require 
higher nitrogen and lower phosphorus 
content than do diatoms. Blue-green 
algae develop in the summer and attain 
their chief development when the con- 
centration of phosphate is high and 
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the amount of inorganic nitrogen is 
negligible. The closure of the reservoir 
inlet results in marked changes in the 
chemistry of the water and conse- 
quently in the composition of the 
phytoplankton. Rao (193) also related 
the algal populations with water chem- 
istry. 

LeFevre, Jakob, and Nisbet (150) 
found that blooms of Aphanizomenon 
and Oscillatoria suppressed the growth 
of several other species. 

Coopey (59) estimated that 570 tons 
of wet weight plankton were carried 
by the Columbia River past Hanford, 
Wash., each day during May. The 
plankton radioactivity below Hanford 
amounted to 0.6 curie per day in July. 
Radiochemical analyses indicated that 
5 to 30 per cent of plankton radio- 
activity came from isotopes with half 
lives near or longer than that of P**, 
whereas the remainder was of a shorter 
half-life. 

Oswald et al. (181) (182) employed 
green algae to effect secondary sewage 
treatment through photosynthetic oxy- 
genation. Under optimum conditions 
the algae cells remain young and have 
a relatively high concentration of chlo- 
rophyll. 

Cohen and Reif (53) reported the 
ease history of a child who developed 
dermatitis while swimming in a lake 
containing a bloom of blue-green algae. 
The patient was found to have an al- 
lergic contact type of dermatitis due 
to cutaneous sensitivity to phycocyanin, 
the pigment of Anabaena. 

Schmitz (204) described a method of 
using membrane filters for counting 
plankton during river surveys. Mem- 
brane filters with average pore size of 
0.5 to 3 microns were used. 

Matheson (166) suggested controlling 
algae in small ponds by avoiding un- 
necessary fertilization of water supplies 
and preventing multiplication of the 
organisms by physical or chemical 
means. 

Bussy (38) (39) (40) screened sev- 
eral substances for the control of algae 
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in sWimming pools. Copper sulfate 
was ineffective in pools having a pH of 
8 or more. Scenedesmus and Oocystis 
were highly resistant to copper. Chlo- 
rine, with or without ammonia, was 
effective if applied regularly in a suf- 
ficiently high concentration. Labora- 
tory studies with pure cultures (39) 
indicated that quaternary ammonium 
compounds at concentration of 5 to 15 
mg. per |. inhibited algae. However, 
if aleae were already present in pools 
the chemicals had little effect. At 10 
mg, per |. one of these quaternary am- 
monium compounds killed Culex larvae, 
Daphnia, and duckweed. <A rare blue- 
vreen alga, Entophysalis, developed a 
resistance to both quarternary am- 
monium compound and copper sulfate 
treatment (40). 


Foter, Palmer, and Maloney (81) 


tested the antialgal effectiveness of au- 
reomycin, aerosporin, bacitracin, chlo- 
romycetin, gliotoxin, neomycin, peni- 
cillin, streptomycin, and terramycin 
for the control of three groups of algae. 


The blue-greens were more sensitive to 
the antibiotics than were the green 
algae and diatoms. Streptomycin in- 
hibited the growth of all 13 algal ecul- 
tures, whereas terramycin was active 
in inhibiting seven. 

Bouchet and Dumont (35) found 
that the sodium salt of 2,4-D, applied at 
a rate of 1 kg. per hectare, completely 
controlled the growth of the water 
chestnut in fish ponds, without injury 
to fish, if applied during the ‘‘rosette’’ 
stage of growth. 

Hiland (108) found that the sodium 
arsenite sprayed on dry pond bottoms 
controlled submerged aquatic plants, 
resulted in better fish production, and 
reduced The treatment sup- 
pressed plant growth and permitted 
the development of plankton blooms. 
Jones and Andrews (123) gave an ac- 
count of experiments on the use of 
chlorphenoxyacetate weed killers to 
control aquatic growths in irrigation 
canals of the Sudan. These com- 
pounds applied as dusts kill most of 
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the offending weeds. Levardson (154) 
tested nigrosine dye for aquatic plant 
control, but field trials in a 7-acre lake 
were disappointing because the dye 
concentration could not be maintained. 
Eight other dyes were used to no better 
effect than the nigrosine. 

Joseph (124) made a microbiological 
study of streams polluted with acid 
mine drainage. Diatoms were the most 
abundant forms; fungi were few and 
actinomyces were not found. Eight 
genera of bacteria were present, but 
animal forms other than protozoa were 
absent. 

Whittingham (248) investigated the 
effect of various concentrations of 
cyanide on the photosynthetic activity 
of Chlorella under conditions of high 
light intensity and high concentrations 
of carbon dioxide. 

Silvey (214) (215) and Silvey and 
Roach (216) postulated that actino- 
mycetes were responsible for odors in 
the Oklahoma City water supply. Cul- 
tures of the actinomycetes were alleged 
to give typical tastes in water. The 
blue-green algae are claimed to supply 
the nutritive material to the fungi, 
which in turn produce the odors. This 
is based on minute bodies, claimed to 
be spores of actinomycetes, which were 
found in large numbers in deteriorating 
algal cells. As long as the algae are 
growing, the algae and the actinomy- 
cetes co-exist. When the algae lose 
ability to reproduce or sustain life, the 
fungi destroy the algae, with the sub- 
sequent liberation of tastes and odors 
of variable composition. 

Long (159) discussed the occurrence 
of the ‘‘red tide’’ organism. Water 
samples taken during a red tide bloom 
have an excess of nitrogen and phos- 
phorus. There is believed to be some 
correlation between heavy discharges 
from the rivers of Southwest Florida 
and the occurrence of the bloom. It 
was found experimentally (13) that a 
high light intensity, vitamin B,,, and 
sulfides are essential for the mass 
growth of the dinoflagellate. Signifi- 
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cant quantities of titanium and zir- 
conium were present in ‘‘red tide’’ 
bloom waters. 

Hoffman and Drooz (113) studied 
the stream life in an area of woodland 
that had been sprayed aerially with 1 
lb. of DDT per acre. The numbers and 
volume of bottom insects in the area 
studied had diminished, but nowhere 
were they completely depopulated and 
the losses at some stations were small. 
A tendency toward repopulation was 
evident within two months and within 
four to five months the populations, 
with some exceptions, had returned to 
normal. Hoestlandt (112), in experi- 
ments with emulsions and suspensions 
of DDT, hexachlorocyclohexane, and 
pyrethrins, found that fishes are more 
sensitive than the mitten crab to emul- 
sions of the insecticides, but not to 
suspensions. 

Hodgson (111) studied the stimulat- 
ing effects of a number of cation and 
anion combinations on the water beetle, 
Laccophilus. 

Cleland (51) noted various abnor- 
malities of fertilization and cleavage 
in eggs of the sea urchin which were 
raised in sea water drawn from a lab- 
oratory supply. To determine the 
cause of these abnormalities, various 
concentrations of copper sulfate, zine 
sulfate, and lead nitrate were tested 
by using suspensions of eggs in normal 
sea water. 

Usaezewa (231) studied the fate of 
helminth eggs in streams. To deter- 
mine the incubation time of eggs and 
their viability in bottom sediments, 
fresh cultures of ascarid eggs were 
prepared and incubated under condi- 
tions similar to those occurring in 
streams. The development of eggs 
varies in the different regions of the 
streain and under similar temperature 
conditions varies with the oxygen con- 
tent of the stream. With oxygen con- 
centrations of 7 to 9 p.p.m., the eggs de- 
veloped to the larval stage in two 
months. In oxygen concentrations of 
5.0 to 5.6 p.p.m. the eggs did not de- 


CRITICAL REVIEW OF LITERATURE OF 1953 727 


velop to the larval stage, and in the ab- 
sence of oxygen there was no develop- 
ment. 


Chemistry 


Pépel (190) studied chemical and 
biochemical oxygen requirements of 
waters and confirmed earlier observa- 
tions of others that there is no uni- 
versally applicable relationship between 
such requirements. Fairly definite re- 
lationships may be established for local 
conditions where limited variations oc- 
cur and under such conditions these 
ratios are valuable for control or 
stream study. The neutral oxidizability 
(B.O.D.) of waters of the Black and 
Azov Seas, as obtained by Skopintsev 
(217) (218), varied with depth and 
distance from shore between 0.82 p.p.m. 
and 2.28 p.p.m. 

Zehnpfennig and Nichols (256) made 
a comparative study of the 5-day and 
2-day B.O.D. on replicate samples of 
sterile sewage seeded, respectively, with 
settled sewage and with the same sew- 
age with the protozoa removed. These 
data showed lower variability for the 
2-day B.O.D. obtained with protozoa- 
free innocula. The authors conelude 
that (a) the 5-day B.O.D. is dependent 
upon the nature and amount of or- 
ganic matter and upon the biota as 
well, and (b) the variation of the 
ordinary 5-day B.O.D. is in part caused 
by the variations in kinds and numbers 
of protozoa. They state that their pro- 
posed 2-day procedure using a filtered 
sewage innoculum on sterile sewage 
determines a more reproducible frac- 
tion of the ultimate B.O.D. than present 
standard 5-day procedure. Practical 
difficulties in preparation of the in- 
nocula and sewage and waste samples 
are the principle objections to the adop- 
tion of the suggested procedure. 

Hoover et al. (116) studied rates of 
disappearance of substrates and oxygen 
in the B.O.D. test and pointed out 
again that these rates change as the 
reaction proceeds. They conclude that 
the B.O.D. test consists of two biochem- 
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ical reactions. The first represents the 
rapid growth of cells with the assimila- 
tion of available nutrients into the 
cells, and the second records the slow 
endogenous respiration of the cells. 


They point out that because the de- 
termination of the oxygen uptake as 
practiced measures oxidation of only a 
portion of the cell contents, the pro- 
cedure is not a valid one for deriving 


the total amount of oxidizeable mate- 
rial present. They do not suggest a 
solution for this dilemma, but state 
that whenever a monomolecular reac- 
tion rate with a W of about 0.10 is ob- 
tained the reaction represents only 
endogenous respiration. A compara- 
tive study of the ‘‘moments’’ method, 
the ‘‘slope’’ method, and the Reed- 
Theriault method for derivation of 
B.O.D. velocity constants on 62 series of 
3.0.D. observations was contributed 
by Ludzack ef al. (162). The samples 
included river waters and sewage dilu- 
tions. The B.O.D. results were ob- 
tained at 24- and 48-hr. intervals for 
10-day periods of observation. The 
velocity constants at 20° C. ranged 
from 0.032 to 0.319. It was coneluded 
that the A and L values obtained by the 
moments method were better approxi- 
mations to the Reed-Theriault values 
than those obtained by the slope 
method. The authors recommend the 
moments method applied to B.O.D. ob- 
servations at 48-hr. intervals for a 10- 
day period as a satisfactory procedure 
for the derivation of K and L which 
will give a more complete characteriza- 
tion of biochemical oxidation of a 
waste than is possible without these 
parameters. 

Ponomareva and Ettinger (189) elee- 
trodialized the organic matter in a con- 
centrate of Neva River water and re- 
ported that the dialized material showed 
a low degree of oxidation. The sub- 
stances found do not reduce Fehling 
solution and do not contain humic 
acids. The C analysis shows some 10 
per cent of the dialized material con- 
sists of apocrenic acids precipitated 
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with barium. The elemental analyses 
showed 47.9, 8.3, 39.7, and 2.3 per cent 
for carbon, hydrogen, and 
nitrogen, respectively. 

Krasintseva (140) analyzed the gases 
(H.S, CO., CH,, N,, and argon) of 
mineral spring waters and calculated 
the partial pressure of each in relation 
to water temperature and _ salinity. 
High H,S (100 to 150 p.p.m.) retained 
CH, corresponding to partial pressures 
of 211 to 284 mm. Hg., whereas the N, 
did not vary from that of river or sea 
water. 

Ivlev 


oxygen, 


(121) examined the charac- 
teristics of reed-grown reservoirs in the 
delta of the Volga River. The photo- 
synthetie action of phytoplankton aids 
in maintaining D.O. near the surface, 
but plant decomposition at greater 
depths results in the formation of CO,, 
CH,, RCO,, and methoxylated humic 
acids. The latter decomposes to MeOH 
and alkali-insoluble humus (bitumen). 
During early flood stage substances 
toxic to fish and crustacea are liberated 
by the decomposing plant mass. 

Wuhrmann (254) found that the 
amino acid nitrogen (Van Slyke) in 
raw or treated sewage represented a 
small percentage of the total nitrogen. 
About 90 per cent of the free amino 
acids in raw sewage are eliminated in 
biological treatment. 

Ingols (117) coneluded that the 
presence of NH,-N in ground water 
may, in some cases, be a poor index of 
pollution, since the igneous rock of 
Northern Georgia was found to contain 
a considerable amount of NH,CL. 

In a discussion (1) of phenol prob- 
lems in water supplies, 
made that water from wells in the 
lower Allegheny and Monongahela 
(Pa.) valleys were, particularly under 
heavy draw-down conditions, being pol- 
luted with 0.0 to 0.07 p.p.m. phenol 
from the river water, which ranged in 
phenol content from 0.019 to 0.054 
p.p.m. When the phenol content in the 
river water was below 0.02 p.p.m. no 
phenol appeared in the well waters. 
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The steel industry is conducting experi- 
ments to solve this taste and odor prob- 
lem. 

The organic contents and microor- 
ganisms of bottom deposits of lakes and 
estuaries were determined by Allen 
et al. (4) to correlate differences with 
the degree of fecal poliution. Organic 
carbon values did not reflect the amount 
of organic matter available for growth 
of microorganisms. The volume of gas 
evolved during anaerobie digestion was 
found to be a convenient pollution 
index and the numbers of E. coli and 
S. fecalis together probably constituted 
the best evidence of fecal pollution. 

Regan (196) reported that the 60-yr. 
record of water analyses of the tidal 
portion of River Thames from the 
Teddington weir to the mouth of the 
river has progressively deteriorated 
through the years as a result of in- 
creased temperature and pollution. The 
condition is particularly bad (low D.O. 
and high sulfate-reducing organisms) 
during the summer. Specifie pollutants 
are discussed, including the effect of 
synthetic detergents. New plants of 
the activated sludge and sludge diges- 
tion type are planned for both the 
Northern and Southern Outfall works. 

The properties of the more important 
synthetic detergents were reviewed and 
their effects on sewage treatment were 
discussed by Leclere (149) (also see 
section on ‘‘ Detergents,’’ in THs Jour- 
NAL, 25, 5, 573; May, 1954). 


Oxygen Sag and Self-Purification 


This year has been notable for the 
appearance of a tendency to reexamine 
the classical oxygen sag formulation, 
particularly the pattern of oxygen 
usage by the load. Orford and Ingram 
(180) proposed a logarithmie formula- 
tion for oxygen usage by wastes. 
Woodward (253), in questioning the 
utility of the formulation of Orford 
and Ingram, described a _ modified 
bimolecular formulation by Thomas 
which was said to show promise of offer- 
ing improvement over the conventional 
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treatment of deoxygenation for use in 
oxygen sag calculations. 

The particulars of specific local situa- 
tions have been considered in several 
reports on stream conditions. Wetzel 
(247) described conditions observed on 
the Shusser River and Lake Constance, 
into which the Shusser flows. Com- 
parisons with an earlier survey were 
made, using both chemical and _ bae- 
teriological criteria. Cabejszek et al. 
(42) discussed the condition of the 
Byina River, which has acid head- 
waters, seasonal heavy pollution by 
sugar beet wastes that cause a polluted 
zone of 75 kilometers, half the total 
length of the stream. Eckoldt (74) 
treated the effect of canalization on 
self-purification processes, citing ob- 
servations made on the Neckar River. 
He concluded that while canalization 
modifies the biological course of the 
purification, it is not harmful and may 
be beneficial. 

Aspects of the self-purification of 
streams contaminated by paper mill 
wastes are presented by Burbank (37) 
and plans to study the effects on streams 
caused by microbiological agents acting 
on bottom deposits of fiber were re- 
ported (12). 

Velz and Hess (233) presented se- 
quential discussions of self-purification 
as related to permissible loading and 
industrial responsibility. Gilereas (95) 
presented a detailed treatment of the 
application of laboratory examina- 
tions to practical problems of  self- 
purification in streams. Miiller (174) 
presented a consideration of the ap- 
plication of traditional oxygen sag 
formulation and advocated a maximum 
permissible 5-day B.O.D. of 5 p.p.m. 
in streams supporting fish life. 

The computation of pollution in a 
vertically mixed estuary can be made 
according to formulas presented by 
Stommel (222). 


Standards 


The need for a rational approach to 
the problem of water pollution control 
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has been emphasized by Hoak (109), 
who points out that the basie aim of 
waste treatment is the improvement of 
water quality for the benefit of the 
public. Required degrees of waste 
treatment should be consistent with 
anticipated reasonable use of the stream 
for maximum public benefit, and there- 
fore must of necessity vary from stream 
to stream and from contributor to con- 
tributor. The use of arbitrary fixed 
water quality standards for large areas 
(such as states) should be avoided, 
since the factors involved in evaluating 
maximum public benefit may vary 
widely from one locality to another. 

Hoak suggests that until comprehen- 
sive surveys are completed and evalu- 
ated, it would be reasonable to require 
all waste contributors in a local area 
to effect ‘‘minimal reduction,’’ on the 
clear understanding that greater de- 
grees of treatment might be required 
in the future depending upon results 
of the comprehensive study. Such a 
proposal seems reasonable and should 
be workable. It should be noted, how- 
ever, that once the money and effort to 
accomplish ‘‘minimal reduction’’ has 
been expended, it may prove quite 
difficult to enforce higher degrees of 
waste treatment considerable 
time has elapsed. 

Borgeson et a/. (34), after an ex- 
haustive study of the legal aspects of 
water pollution control, state: ‘‘The 
cases surveyed show clearly the lack 
of precise, step-by-step judicial devel- 
opment of rules for water quality 
standards.’’ At another point it is 


before 


stated that: ‘‘The case law surveyed 


in this study does not reveal one case 
in which water quality eriteria have 
been pronounced directly as reasonable 
or unreasonable.’ It is suggested that 
a partial reason for this lies in the 
failure of lawyers and expert witnesses 
to intelligently present adequate scien- 
tific evidence in support of their posi- 
tions. It must be remarked, however, 
that conclusive scientifie proof often 
simply cannot be obtained in water pol- 
lution cases. Lacking such clear cut 
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evidence, the best insurance of judicial 
cooperation and consistency lies in a 
reasonable, consistent water pollution 
control program. 

The State of California water pollu- 
tion control program is based on care- 
ful evaluation of local conditions, and 
devices such as fixed effluent standards, 
minimum degrees of waste treatment, 
and stream classification are not di- 
rectly used (34). The individual situa- 
tions are integrated into the statewide 
program on the basis of ‘‘long range 
plans formulated to maintain water at 
a quality suitable for major beneficial 
uses.’”’ 

Larkin (146) noted that surface wa- 
ters of New York State are classified 
according to use, with specified levels 
for settleable solids, pH, dissolved 
oxygen, and compounds which are toxic 
or contain phenols or odor-producing 
materials. Wastes from the dairy in- 
dustry are examined in the light of 
this control program. 

A discussion of the standards for 
sewage effluents in Great Britain was 
presented by Roberts (200). The basic 
standard for sewage effluents is a maxi- 
mum of 30 p.p.m. of suspended matter 
and 20 p.p.m. of 5-day B.O.D. In eases 
where eight-fold dilution with river 
water is not available, the Royal Com- 
mission has fixed the maximum value of 
the 5-day B.O.D. of the receiving 
stream at + p.p.m. 

Pollution of surface waters in Bel- 
gium was discussed by Rensonnet 
(199), who estimated that approxi- 
mately 80 per cent of the polluting 
load on Belgian streams is from indus- 
trial sources. Proposed stream pollu- 
tion standards would regulate the qual- 
ity of effluents discharged to the stream. 

French standards for potable water 
were suggested and an interpretation 
of the chemical and bacteriological re- 
sults in the light of classifications of 
water was discussed (28). 


Surveys and Studies 


Studies attempting to relate the 
health of swimmers to the bacteriologi- 
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cal quality of bathing waters were re- 
ported by Stevenson (221). Three 
separate studies, involving the waters 
ot Lake Michigan, the Ohio River, and 
Long Island Sound, were carried out 
by the Environmental Health Center 
of the USPHS. These studies clearly 
indicate a higher incidence of illness 
among swimmers than among non- 
swimmers, regardless of bathing water 
quality. A markedly higher incidence 
of illness was noted for the group of 
bathers under 10 years of age as against 
all other bathers. It is shown that 
ailments of the eye, ear, nose, and 
throat can be expected to account for 
more than 50 per cent of all illnesses 
in this type of study. Although no con- 
sistent relationship between illness in- 
cidence and bathing water quality 
could be demonstrated, it is stated that 
‘*sufficient evidence is available to in- 
dicate that some of the strictest bac- 
terial quality requirements for natural 
bathing water now existent might be 
relaxed without significant detrimental 
effect on the health of the bathers.’’ 

Kersnar and Caldwell (134) reported 
the results of a study of factors af- 
feecting ocean disposal of sewage for 
San Diego County, Calif. The study 
indicated that ocean disposal of the 
sewage of the County was feasible, and 
recommended the construction of a 
primary sewage treatment plant to 
ultimately serve 2,500,000 people, with 
discharge to the ocean at a point 7,500 
ft. offshore and 125 ft. below the sur- 
face of the ocean. 

A study of natural self-purification 
of Red Clay Creek (Delaware) was re- 
ported by Kaplovsky ef a]. (127). This 
small, rapidly moving stream is pol- 
luted with wastes from a fiber mill. 
It was concluded that the high rate of 
disappearance of B.O.D. below the fiber 
mill was due to direct oxidation and 
possibly to slime growths on the rocky 
bottom. Biological activity in the flow- 
ing stream and removal by sedimenta- 
tion were considered inconsequential. 

A study of the condition of the upper 
Potomac River was discussed by Fuhr- 
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man (85). Deoxygenation and reaera- 
tion constants were reported which in- 
dicate that B.O.D. is exerted slowly 
over long stretches of the river. Steps 
are being taken to provide waste treat- 
ment before discharge into the stream, 
and water quality standards for the 
upper Potomac River basin were pro- 
posed. 

Schmitz (205) reported results of an 
exhaustive survey of the Fulda River 
(Germany), together with interpreta- 
tion of these results. The river is ex- 
cessively polluted by sewage from the 
town of Fulda, with the result that fish 
will not inhabit the stream for some 
miles below the town. 

Coogan et al. (57) reported on a 
study of pollution due to the operation 
of cane sugar factories in Louisiana. 
Gay (91) reported on the effects of a 
shock pollution load of crude rubber 
and ethylene glycol following a fire in 
West Virginia. Cooper (58) discussed 
the various factors to be considered in 
planning and carrying out an indus- 
trial pollution survey. Other studies 
and surveys reported and discussed in- 
cluded a survey of the Yakima River 
Basin (225) and a water pollution sur- 
vey in Alaska (7), and Fish (79) re- 
ports a study on the Willamette River. 


Abatement and Control 


Engineering News-Record (11) has 
presented its usual series of reports on 
action by water pollution control agen- 
cies or state courts leading toward con- 
struction in support of abatement. 
Chemical Week (10) has its series of 
reports on abatement actions of interest 
to chemical industry. Wastes Engi- 
neering has given editorial coverage to 
several aspects of abatement and con- 
trol, including ground-water pollution 
(28), joint state (Conn.) and petroleum 
industry action to abate pollution in 
retailing operations and in handling 
(24), an incident involving abatement 
procedures to prevent oil in steel mill 
wastes from injuring waterfowl (25), 
and abatement orders to East Ann 
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Arbor by the Michigan Water Re- 
sources Commission (22). 

Federal statements regarding abate- 
ment and control were few. Schwob 
(210) reviewed objectives, accomplish- 
ments, and policy under the Federal 
Water Pollution Control Act of 1948, 
and ventured to predict future activity 
(211). Warrick (239) described the 
formation of the National Technical 
Task Committees on Industrial Wastes, 
while Wieters (249) described state 
and federal cooperation and Hender- 
son (105) reviewed the development of 
state law, particularly as it concerns 
trade wastes. 

State pollution control action con- 
tinues to show widely divergent trends. 
California’s plan of decentralized 
boards, with each pollution problem 
given consideration on the basis of 
specified local circumstances, has been 
described several times (29) (30) 
(101). Wise (252) explained Con- 
necticut pollution control on the river 
valley basis, citing the policy adopted 


for the Quinnipiac River valley. Newly 
adopted general regulations and cri- 
teria (Tenn.) were outlined by Farrell 


(76); Nebraska legislation and the 
state’s attitudes toward pollution were 
reported by Filipi (78). Montana 
plans for a stronger pollution control 
law were detailed by Brinck (36). 
Moses (172) reviewed Pennsylvania at- 
titude toward pollution, and sum- 
marized recent progress. Klassen (136) 
described integration of a state abate- 
ment program (Ill.) with regional re- 
quirements. Treatment of discharges 
entering interstate waters is on the 
basis of applicable interstate agree- 
ment, with treatment of wastes enter- 
ing intrastate waters on the basis of 
state-prescribed objectives. According 
to Lee (151), abatement activity in 
Florida is planned on the basis of 
optimum development of total state re- 
sources. Gidley and Rocheleau (94) 
describe the abatement situation in 
West Virginia, where industry is mak- 
ing good progress, while municipal pol- 
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lution abatement is awaiting the out- 
come of a court ease. 

Cleary (50) described the Ohio River 
Valley Water Sanitation compact and 
its continued functional development. 
Abatement progress in ORSANCO ter- 
ritory in the Cincinnati area (21) and 
treatment recommendation for the 
Pittsburgh-Huntington stretch of the 
Ohio River (20) was reported. The 
treatment recommendations are (a) 
substantially complete removal of set- 
tleable solids, (b) removal of not less 
than 45 per cent of suspended solids, 
(c) approximately 50 per cent removal 
of B.O.D. (for certain areas), and (d) 
reduction of not less than 80 per cent 
of coliform count during May to Ocet., 
and not less than 85 per cent during 
Nov. to Apr. 

The Allegheny County Sanitary Au- 
thority project in western Pennsyl- 
vania has been described in detail by 
Dore (68). Pittsburgh and 62 munici- 
palities will join in a single project, 
and provide primary treatment with 
pre-aeration and aerated grit chambers. 
Board mechanics and financing are 
described. 

British law relating to river pollu- 
tion and abatement activity related 
thereto has received much diseussion. 
The law editor of the Surveyor (17) 
sought explanation through the mecha- 
nism of questions and answers. Walker 
(237) (238) reviewed and discussed 
the River Boards act of 1948, Report of 
Rivers Pollution Sub-Committee (1949), 
on prevention of river pollution, and 
the Rivers (Prevention of Pollution) 
Act of 1951. Morley also reviewed the 
River Board Act of 1948 (171). Gill 
(96) discussed the River Pollution Pre- 
vention Office in relation to the new 
legislation. Gatehouse (89) also has 
considered British abatement legisla- 
tion and specific situations related 
thereto. Cromption (60) relates the 
details of further British court action 
requiring industrial pollution control 
on abatement. MeNicholas (169) de- 
tailed difficulties in the practical ad- 
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ministration of the New Rivers Act in 
Scotland. 

Other European aspects of pollution 
abatement have been covered. Peytel 
(186) reported on French pollution 
abatement legislation. Seebohm (212), 
in an extract from a discussion by the 
German Minister of Transportation, 
covered German abatement concepts 
and the conditions giving rise to them. 

Cerny (44) considers pollution abate- 
ment needs in Switzerland. Swiss 
abatement problems, growing out of 
pollution of bathing waters and exces- 
sive growths of algae, have given rise 
to proposals for legislation. Weimann 
(244) discussed the need for simplified 
methods of water examination for 
monitoring river stretches, or whole 
river systems. Simple physical and 
chemical tests, combined with biological 
examination of macro-invertibrates, are 
advocated. 

Abatement of problems arising from 
paper mill wastes continues to be an 
active problem. Gehm (92) reviewed 
the pollutional properties of paper mill 
wastes and reported some progress on 
a process in which mill wastes are fed 
into a municipal sewage disposal sys- 
tem. Van Horn (232) discussed im- 
provement of mill waste discharges 
using save-alls, sedimentation, and fil- 
tration, and measurement of the quality 
of streams receiving paper mill wastes. 
Holderby (115) also considered abate- 
ment of mill pollution. 

Industrial people concerned with pol- 
lution control presented a wide spec- 
trum of philosophies and opinions 
(104) (243) (246). Two consulting 
engineers emphasized consideration of 
capacity to pay (152). 

Collective reports of sewage treat- 
ment plant construction have been 
presented by Cohn (54) and Public 
Health Reports (15). 

The nature of some of the specific 
abatement problems has been discussed. 
Abatement of certain types of pollu- 
tion in semi-tropical waters (Florida) 
was presented by Wakefield (236). 
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The British Ministry of Transporta- 
tion (16) considered sea pollution by 
oil. Abatement needs with regard to 
beaches were discussed at a meeting of 
the Institute of Sanitary Engineers 
(19). Specific financing difficulties 
have been presented (18). Protection 
of ground water from pollution in 
Wesphalia was treated (126), and in 
this country there was an A.W.W.A. 
report (27) on the same subject. Op- 
eration of a sewage treatment plant on 
the basis of varying treatment require- 
ments, determined by the condition of 
the receiving water, was treated by 
Conrad and Cooke (56). 
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SIGNIFICANT TRENDS 
AND SUMMARY 


The quantitative aspects of the re- 
view can readily be analyzed by the 
following tabulation of references and 
comparison with the 1952 review: 


1953 1952 
Analytical methods 64 55 
Sewage 166 129 
Radioactivity 59 51 
Industrial wastes 191 149 
Water pollution 256 250 
Total 736 634 


An increase of 100 references over 
the previous year is noted, primarily 
due to the increase in the sewage and 
industrial wastes sections. 

A perusal of the review impresses one 
with the diversified fields and interests 
covered, symptomatic of the broad na- 
ture of the profession. There are sec- 
tions here of interest not only to re- 
search workers, but also to engineers, 
industries, water pollution control 
agencies, chemists,  bacteriologists, 
aquatic biologists, ichthyologists, ete. 

It is more difficult to evaluate the 
qualitative aspects of the review in par- 
ticular and the research work in gen- 
eral. It is realized that the greatest 
value of the review is to call attention 
to the work done during the year that 
might be of particular interest to the 
individuals with various spheres of in- 
terest in this field. The review of a 
particular contribution need not be ex- 
tensive to accomplish this purpose, but 
sufficient to convey an idea of the con- 
tents. Often the title of the paper in 
the references will accomplish this pur- 
pose. More comprehensive abstracts 
of the individual papers would make 
the review more bulky than at present. 

An analysis of the quality of the 
research reveals nothing of startling 
importance, but a great deal of refine- 
ments of old processes, techniques, and 
theories. This probably is the nature 
of research which entails slow accumu- 
lation of building blocks for the con- 
struction of the structure. There 
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should, however, be in addition a cer- 
tain amount of basic research to lead 
to newer concepts, processes, and de- 
velopments. This basie research ap- 
pears to be lacking. 

The emphasis in sewage treatment is 
in the direction of increased loadings 
in biological sewage treatment proc- 
esses. Wuhrman’s report on loadings 
of 195 lb. of B.O.D. per 1,000 cu. ft. 
of aeration capacity in the activated 
sludge process is a successful transla- 
tion of laboratory findings reported by 
others as to the feasibility of increased 
loadings. It is true that these loadings 
were obtained at the sacrifice of lower 
B.O.D. reductions (82 per cent). The 
secret seems to be the maintenance of 
high solids content in the aerator. The 
obstacle to increased loading in large- 
scale installations has been the limita- 
tion of oxygenation capacity and in- 
creased efforts to improve the solution 
of oxygen and a better understanding 
of the mechanism of oxygen transfer 
from the solution to the floe will lead 
to attainment of higher loadings. 
Pasveer’s studies are noteworthy in 
this respect. 

Two diametrically opposed trends are 
noticed in the loadings on sludge di- 
gestion tanks; namely, statements that 
capacity of heated digesters handling 
primary sludge should be as high as 
3 to 5 cu. ft. per capita on the one 
hand, and the reported attempts at 
increasing the loadings of digesters on 
the other. 

Claims made by promoters of bac- 
terial and enzyme additives to increase 
biological action in the anaerobie di- 
gestion and activated sludge processes 
were not substantiated. 

The agricultural utilization of sludge 
and reclamation of sewage for recharge 
of underground aquifiers and for crop 
irrigation is becoming more prominent 
as a result of the stringency of water 
supply in some parts of the country. 
Considerable advance was made in un- 
derstanding of the factors essential for 
successful composting as a result of 
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the investigations carried out in the 
University of California. 

The information regarding the treat- 
ment and disposal of wastes containing 
radioactive materials is accumulating. 
Chemical coagulation, ion exchange, 
adsorption, activated sludge, and trick- 
ling filters have been studied as means 
of treatment, and disposal into dry 
wells, by burial, and by incorporation 
in concrete and thence into the sea 
has been reported. 

Disposal of cannery wastes and some 
dairy wastes by ridge and furrow and 
spray irrigation on land with cover 
crops, legumes, and pasture land con- 
tinues to attract attention. Anaerobic 
digestion of dairy wastes, especially 
whey and skim milk, is receiving a re- 
appraisal. Successful digestion of 
slaughterhouse and brewery wastes 
with 12- to 15-hr. detention is 
noteworthy. 

A number of methods have been de- 
veloped for the destruction of cyanides 
by chlorine, chlorine dioxide, and other 
oxidizing agents, acidification, aera- 
tion, precipitation, and ion exchange. 


also 
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Wastes containing chromium can be 
treated with sulfur dioxide to convert 
the chromium from the hexavalent to 
the trivalent form. 

It is of interest to note that there 
has been in 1952 a slightly higher num- 
ber of outbreaks of waterborne dis- 
eases, but with fewer persons involved 
than in 1951. <A survey of several 
swimming areas indicated that some of 
the strictest bacterial quality standards 
for swimming areas might be relaxed 
without significant detrimental effect 
on the health of the bathers. The 
search for causative agents for diseases 
in polluted waters continues, such as 
salmonella, shigella, tubercle bacilli, 
and causative agents for coxsackie dis- 
and tularemia. Along with it 
there are increasing attempts at ob- 
taining better indicator organisms. 

Attention is ealled to the tabular 
summarization for convenience and 
reference for bio-assays and biological 
surveys. 

Discussion of water pollution con- 
trol criteria and standards continues 
in several directions. 


ease 


EIGHTH PURDUE WASTE CONFERENCE 
PROCEEDINGS 


Copies of the ‘‘ Proceedings of the Eighth (1953) Purdue In- 
dustrial Waste Conference’’ have been made available for $2.50 


per copy. 


As in the past, however, those in attendance at the 
conference will receive one copy at no charge. 
tin contains a cumulative index for all ‘‘Proceedings”’ 


The 562-page bulle- 
to date. 


Copies are available (remittance with order) from Dean G. A. 
Hawkins, Engineering Administration Building, Purdue Univer- 


sity, Lafayette, Ind. 
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Sewage Works 


Florida, a portion of the semitropi- 
cal region of the United States, experi- 
enced a rapid growth both industrially 
and in population during the early war 
years (1939-1943). This expansion 
focused the attention of those con- 
cerned with the design, operation, and 
maintenance of sewage treatment fa- 
cilities on the lack of design criteria 
applicable to this specific section of the 
country. 

A review of the literature will re- 
veal that a majority of the design cri- 
teria available in texts, handbooks, and 
engineering journals was derived from 
plant operation and research conducted 
in the northern section of the country. 
It is know that relatively high tempera- 
tures hasten biological action. When 
these criteria, based on conditions 
prevalent in colder climates, were ap- 
plied in Florida they resulted in an 
unnecessarily high cost of sewage treat- 
ment. 

Considering the rapid growth of the 
state in the past, and foreseeing an 
even greater expansion after the war, 
with an attending increase in the num- 
ber of sewage treatment facilities to be 
constructed, the Florida Sewage Works 
Association in the early part of 1944 
took steps to remedy this situation. A 
Research Committee, composed of con- 
sulting engineers, plant operators, uni- 
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versity staff, and health officials, was 
formed to investigate ways and means 
of setting up a research project to study 
sewage treatment methods which would 
be more advantageous to Florida com- 
munities. The idea was brought to the 
attention of the Dean of the College of 
Engineering of the University of 
Florida; as a result, a project was in- 
itiated within the general research 
program of the Engineering and In- 
dustrial Experiment Station. 

Two broad approaches were to be de- 
veloped, both aimed at the same goal— 
reducing the cost of sewage treatment 
and still keeping the streams, rivers, 
lakes, and beaches free of pollution. 
The first approach was to be an in- 
vestigation of native Florida materials 
that could be adapted to the field of 
sewage treatment, and second to re- 
evaluate accepted design standards to 
take advantage of the favorable 
weather conditions of Florida. 

Work was begun in 1944. In 1946 
a pilot plant and research laboratory 
(Figure 1) were added (1); in 1947 a 
full-scale sewage treatment plant (Fig- 
ure 2) designed to facilitate research 
came into being (2)(3)(4). Since that 
date a continuous program of research 
has been underway and the contents 
of this paper are based largely upon the 
information which has resulted from 
these studies. The work falls roughly 
into four divisions: primary sedimen- 
tation, intermittent sand filters, trick- 
ling filters, and sludge disposal. 
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Primary Sedimentation 


Hazen and others have demonstrated 
with inert material that sedimentation 
is continuously progressive, approach- 
ing an upper limit at infinite time. 
Thus, it has been assumed that the 
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FIGURE 1.—Pilot plant at the Sanitary Research Laboratory of the University of Florida. 


efficiency with which a primary sedi- 
mentation unit removes the B.O.D. and 
suspended solids is proportional to the 
length of the detention time. It should 
be remembered, however, that settle- 
able sewage solids are not inert and 


de ==, 

7) ogee FIGURE 2.—Campus sewage treatment plant of the University of Florida. 
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TABLE I.—Monthly Average Temperatures from Seven Florida Sewage Treatment Plants 


Temperature (°F.) 


Apr. | May 


Air 
Sewage 


that they undergo progressive decompo- 
sition throughout the sedimentation pe- 
riod. In Florida, where the average 
monthly sewage and air temperatures 
are high (Table 1), this decomposition 
is accelerated. Two results of this re- 
action are the partial liquefaction of 
insoluble matter and a resuspension of 
the finely divided organic residue. 
These facts were brought out in a 
study of primary sedimentation at the 
campus plant of the University of 
Florida (Figure 3). The design of the 
plant (2)(3)(4) made possible an ex- 
tensive study of this phenomenon over 
a wide range of detention times and 
under varying weather conditions. In- 
fluent and effluent samples were taken 
from the primary sedimentation tanks 
every 2 hr. during the 16 hr. of highest 
flow. The volume of each sample was 


proportional to the momentary flow 
through the tank and these samples 
were composited to make up the daily 
sample. From this composited sample 
the B.O.D. and suspended solids for the 
influent and effluent sewage were de- 
termined. This procedure was repeated 
approximately every five days for 45 
months. The volume of flow during the 
16 hr. was obtained from the automatic 
flow recorder and, since the volume of 
the tanks in service was known, the 
theoretical detention time could be com- 
puted. 

To facilitate analysis, these data, 
along with other pertinent information, 
were punched into IBM ecards and ar- 
ranged according to increasing sewage 
temperature. The cards were then di- 
vided into thirds and each group sorted 
according to influent B.O.D. Each of 


FIGURE 3.—Sedimentation units at campus sewage plant, University of Florida. 
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TABLE II.—Summary of Primary Sedimentation Data 


ao ° Influent B.O.D. Theor. Det. Time B.O.D. Removal 
Temperature (°F.) (p.p.m.) (min.) (% 
Sec- | No. of 


Grot 
2TOUP | tion | Values 


Low | High| Av. _— Low | High} Av 


64 | 77 | 74.4] 3.2 | 75 33 400 | 170 24 | 14 
| 68 | 7 | 74.7| 2.8 |210 |385 55 | 53 |269 | 128 3 | 29 | 10 


Std. | Std. 
Dee High} Av. Av. ew. 


74 | 83 | 80.6| 1.96) 56/197 38 | 55 |431 1143 54] 28 | 14 
78 | 83 | 79.9] 1.57|197 |347 35 | 59 |209 |114 9 | 56 | 30 | 1 


1 | 40 | 84/88 36.2) 1.3 | 29|150 28 | 31 |477|178 5 | 90 | 27 | 15 
2 | 39 | 84 | 88 | 85.3] 1.3 |150 |204 200 | 36 | 64 |279 144 | 38 | 13 | 65 | 38 | 13 


the three groups was then divided in A straight line, a parabolic curve, 

half and the cards in each half ar- and the curve from the formula sug- 

ranged in order of increasing theoreti- gested by Thomas (5)— 

cal detention time. These manipula- 

tions arranged the data into three 

groups according to temperature, with 

each subdivided into two sections ac- in which E = settling tank efficiency ; 

cording to the influent B.O.D. Table a= rate constant per minute; L = ulti- 

II is a summary of the information. mate removal in per cent; and T= 
An analysis of the data in groups 1 theoretical 16-hr. average detention 

and 3 was then made to determine what time in minutes—were put through 

effect the high temperature would have group mean of the data. Standard 

on the per cent of B.O.D. removed. errors of estimate of the group mean 

Figures 4 through 7 show the plotted for the four sections of data analyzed 

results of the four groups of data. are given in Table ITI. 


LEGEND 


Group mean 
Straight 1 
Parabolic 

Hyperbolic 


B.O0.D. Removal 


° 


180 240 300 360 
DETENTION TIME IN MINUTES 


FIGURE 4.—Effect of primary sedimentation detention time on B.O.D. removal in the 
temperature range of 64° to 77° F. at an influent B.O.D. range of 75 to 210 p.p.m. 
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B.0.D. Removal (%) 


mean 
raight line 


° 


It is to be noted in each ease that, 
although the parabolic equation pro- 
duced the line of best fit, the differ- 
ences between the standard error of 
estimates of the group means for the 
parabola and that of the other two 
lines are relatively small. It is also 
noted in the first two sections (Figures 
4 and 5) that the parabolic curve was 
concave to the Y axis and in the second 
two sections (Figures 6 and 7) it was 
convex. This seems to indicate that 
for the data analyzed there was little 
evidence that at the lower temperatures 
the efficiency of the tank decreased with 
an extended detention time, but at the 
higher temperatures (84° to 88°), and 


TABLE III.—Standard Errors of Estimate 
of the Group Means 


DETENTION TIME IN MINUTES 


FIGURE 5.—Effect of primary sedimentation detention time on B.O.D. removal in the 
temperature range of 64° to 77° F. at an influent B.O.D. range of 210 to 385 p.p.m. 


(Figures 4, 5, 6, and 7) 
Group 1 Group 3 
Type of Curve 
Sect. 1 | Sect. 2 | Sect. 1 | Sect. 2 
Parabola 5.27 | 2.40 | 5.22 | 5.60 
Straight 5.38 | 2.42 | 5.47 | 6.19 
Hyperbola 5.78 | 2.55 | 5.49 | 6.03 


i 


0 


particularly with the higher influent 
B.O.D. concentration, the efficiency of 
the tank did decrease as the detention 
time increased beyond a certain maxi- 
mum. One possible objection to the 
hyperbolic or Thomas equation is that 
it precludes any possibility of such a 
phenomenon. 

In the report on sewage treatment at 
military installations (5) the fact was 
noted that the B.O.D. removed in sec- 
ondary tanks without recirculation de- 
creased at excessively long detention 
periods. Here this phenomenon was 
attributed to vagaries of random sam- 
pling fluctuations. Is it not possible 
that even in the colder climates the or- 
ganic material present in the secondary 
tanks is in such condition that the 
longer detention allows it to decompose, 
dissolve, and be carried over in the 
secondary effluent? 

From this study it would appear that 
for subtropical climates the length of 
primary settling should be shorter than 
generally specified under colder condi- 
tions. Little advantage in B.O.D. re- 
moval is obtained by extending the 
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300 
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FIGURE 6.—Effect of primary sedimentation detention time on B.O.D. removal in the 
temperature range of 84° to 88° F. at an influent B.O.D. range of 29 to 150 p.p.m. 
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FIGURE 7.—Effect of primary sedimentation detention time on B.O.D. removal in the 
temperature range of 84° to 88° F. at an influent B.O.D. range of 150 to 294 p.p.m. 
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FIGURE 8.—Experimental pilot beds used in study of intermittent sand filters. 


sedimentation time beyond 2 hr. and 
Smith, in an analysis of the removal of 
suspended solids at the campus treat- 
ment plant, remarks that ‘‘. . . in no 
case is the efficiency of suspended sol- 
ids removal markedly increased after 
the first 90 minutes of detention’’ (6). 

It is realized that the data examined 
are from one plant and that additional 
studies will be required before definite 
conclusions can be drawn. Toward 
that end the work has recently been 
expanded to inelude several other 
plants throughout the state and it is 
hoped that the results will soon be 
available to substantiate or disprove 
this theory. 


Intermittent Sand Filters 


The intermittent sand filter, gener- 
ally abandoned as a method of munici- 
pal sewage treatment, has come into a 
new era of importance in other fields. 
Isolated tourist courts, motels, trailer 
parks, drive-in theaters, consolidated 
schools, and housing developments, of 
which there are a great number in 
Florida, require a method of sewage 
treatment which will provide a high 
degree of treatment and yet will be 
simple to construct, easy to operate, 
reliable in performance, and built of 
materials which are cheap and readily 


available. The intermittent sand fil- 
ter seems to provide a reasonable an- 
swer to this demand. Studies were in- 
itiated in 1944 (7) to investigate 
Florida sands, loading parameters, and 
operating procedures that would pro- 
duce the best results under semitropi- 
eal conditions; and when the research 
laboratory was constructed in 1947 
eight sand beds (Figure 8) were pro- 
vided for pilot-plant study. Seven of 
these beds were filled with native Flor- 
ida sands ranging in size from 0.25 to 
1.04 mm. The characteristics of the fil- 
ters are given in Table IV. 

In the first study (8) the filters were 
loaded with primary effluent once each 
day and the amount of loading in- 
creased periodically until failure re- 
sulted. It was concluded that the 


TABLE IV.—Characteristics of Experimental 
Intermittent Filter Beds Using 
Native Florida Sands 


Pte: Effective Depth Area of 

8 0.46 2.79 30 =| 0.00125 

9 0.25 2.22 18 | 0.00125 
10 0.25 2.24 30 0.00125 
ll 0.44 78 18° | 0.00125 
12 0.31 3.26 30 0.00125 
14 1.04 1.70 30 0.00125 
15 0.29 3.27 18 | 0.00125 
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B.0.D. Removal (%) 
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30" Filter 


2 Loadings 
per day 


100 
Hydraulic Loeding Rate 


200 


1000 Gal/acre/day 


FIGURE 9.—B.0O.D. removal by sand filters 9 and 10 (0.25-mm. sand) under one and two 
loadings per day. 


maximum hydraulic loading applied 


once each day on the 0.25-mm. sand 
should not exceed 125,000 ¢.p.a.d., and 
on the 0.31-mm. and 0.45-mm. sands 
should not exceed 150,000 ¢.p.a.d. 

In the second phase of the study the 
loadings were divided into two equal 
increments and applied twice each day. 
As was the procedure in the first study, 
the hydraulic loading rate was_ in- 
creased periodically until failure re- 
sulted. Under these conditions it was 
found that the efficiency of the bed im- 
proved and that the maximum allow- 
able loading rate increased. It was 
concluded from the study that with 
two loading increments of primary 
effluent per day the loading rate on 
the 0.25- and 0.3l-mm. sand may be 
increased to 175,000 g.p.a.d. and that 
the loading rate on the 0.45-mm. sand 
may be increased to 200,000 g.p.a.d. 

Additional studies were made at four 
loading increments per day, with the 
conclusion that the increased fre- 
quency, although it did improve the 
efficiency of the bed, did not allow an 


increase in the hydraulic loading for 
sand smaller than 0.35 mm. However, 
it is believed that sands larger than 
0.45 mm. may effectively treat primary 
effluent at hydraulic loading rates up 
to 250,000 g.p.a.d. and provide a spark- 
ling clear effluent, highly nitrified and 
with a reduction of B.O.D. and sus- 
pended solids between 85 and 90 per 
cent. 

Another portion of this study has 
been directed toward determining the 
economical effective depth of sand. It 
was noted, particularly in the finer 
sands, that as the frequency of loading 
increased the spread between the lines 
of best fit for the removal of B.O.D. 
by the deep and shallow beds decreased 
(Figures 9 and 10). This seems to in- 
dicate that as the frequency of the 
loading inereases the depth of the sand 
bed becomes less important. To study 
the effects of sand depth on B.O.D. re- 
movals, filter No. 12 was rebuilt so that 
sampling points were available at the 
4-, 6-, 12-, 18-, 24-, and 30-in. levels. 
The filter was loaded with 150,000 
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g.p.a.d. of sewage applied in two equal 
increments; the first at 9:00 am and 
the second at 3:00 pm. Influent and 
effluent samples were collected for a 
period of six weeks and daily analyses 
made. It was found (Figure 11) that 
approximately 90 per cent of the 
B.O.D. is removed by passage through 
the first 12 in. of the bed and the re- 
moval of B.O.D. by the remainder of 
the bed is very small. This fact is 
compatible with the results reported by 
Calaway and Long (9) that the com- 
mon zoégleal organism (Zodgleal rami- 
gera) believed to be responsible for 
most of the removal of organic material 
becomes relatively insignificant below 
the 12-in. level. It also agrees closely 
with the work reported by Grady (10) 
at North Carolina on a study of B.O.D. 
removals by sand filters using pre- 
settled septic tank effluent. Thus, it 
may be concluded that a sand filter 
composed of 0.44-mm. or smaller sand 
and loaded with primary effluent may 
be reduced in depth to 24 in., and un- 
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der special conditions may be reduced 
to as low as 18 in. 

Securing adequate coverage of the 
bed often becomes a serious problem 
as a result of the multiple loadings. 
Spray nozzles have been used at the 
Research Laboratory with reasonable 
success. In some small installations a 
locally made rotary distributor has 
been installed. Disturbance of the 
surface sand by the jet action was en- 
countered, but this was remedied by 
covering the surface of the bed with 
several inches of small gravel without 
a reduction in the degree of treatment. 
Thus, the revival of the intermittent 
sand filter has provided hundreds of 
small installations with an adequate 
sewage disposal system, which in many 
cases would have been otherwise eco- 
nomically unfeasible. 


Trickling Filter 


Where secondary treatment is _ re- 
quired, the trickling filter, either as a 
standard or high-rate unit, is used in 
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FIGURE 10.—B.0.D. removal by sand filters 12 (0.29-mm. sand) and 15 (0.31-mm. sand) 


under one and two loadings per day. 
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FIGURE 11.—B.0.D. removal by sand filter 12 per unit depth. 


a great majority of Florida treatment 
plants. This type of biological treat- 
ment is particularly adaptable to the 
warm, humid weather conditions preva- 
lent in the area. However, the fact 
that Florida does not contain a hard 
igneous stone which will pass the gen- 
erally accepted specifications for trick- 
ling filter media posed a serious eco- 
nomic drawback to this type of treat- 
ment. Material for this purpose had 
to be imported from quarries in north- 


ern Georgia or in South Carolina, or 
blast furnace slag had to be obtained 
from mills in central Alabama. The 
high shipping costs involved were in- 
strumental in making this type of 
treatment expensive. 

For this reason, one of the first 
projects of the research program was 
an investigation of native Florida ma- 
terials to determine their suitability 
as trickling filter media (Figure 12). 
Much of this work has already been 
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reported -(11)(12)(13) and only a 
brief summary of pertinent points is 
given here. Brooksville limestone, 
Chattahoochee river gravel, and wood 
wastes were investigated, with Bir- 
mingham slag used as a check medium. 
Thus far, all three native Florida ma- 
terials have proved satisfactory, with 
the Brooksville limestone the most 
promising. A filter 10 ft. in diameter 
and filled to a depth of 8 ft. with this 
material has been in continuous opera- 
tion since 1947. Periodic inspections 
have revealed no deterioration of the 
bed, although a slight calcium pickup 
in the effluent was noted initially. The 
reduction of B.O.D. and suspended sol- 
ids, and the nitrification by the lime- 
stone filter compared favorably with 
the same properties exhibited by the 
check medium. The results with the 
filter of smooth river gravel were also 
favorable at loading rates below 5 
m.g.a.d. However, it was observed that 
the smooth media were more easily af- 
fected by sudden changes in tempera- 
ture, which resulted in a sloughing off 
of the filter slimes and a decreased de- 
gree of treatment for short intervals. 

The wood block filter, composed of 
2-in. lumber in random short lengths, 
produced the poorest degree of treat- 


FIGURE 12.—Experimental trickling filters at the Sanitary Research Laboratory. 
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ment, although it compared favorably 
when the surface area of the medium 
was taken into consideration. The wood 
slat filter, made up of 1-in. by 2-in. 
slats with each layer laid at right angles 
to the preceding layer, produced an 
effluent which ranked between the lime- 
stone and the gravel filters. The de- 
terioration of the slat filter has been 
small during the six years it has been 
in operation. The decomposition of the 
wood blocks has been greatest. 

Grantham et al. (11) found that the 
action of the filters followed Velz’s Law 
for biological beds (14), but that the 
constant k is somewhat higher under 
Florida conditions. Some 60 per cent 
of the removable B.O.D. applied will 
be removed in each 2 ft. of the bed in 
Florida, against 50 per cent reported 
by Velz. Thus, 75 to 80 per cent of 
the removable B.O.D. will be removed 
in the first 4 ft. of a trickling filter 
operating under normal Florida con- 
ditions, whereas only 50 to 75 per cent 
may be expected in a colder climate. 
This raises the possible question of 
balancing the cost of constructing 4-ft. 
filters against the small gain in treat- 
ment furnished by deeper filters. 

The fact that temperatures below 
freezing are extremely rare in the sub- 
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tropics makes the sodium sulfate test, 
which is supposed to simulate the action 
of penetrating frost, unnecessary for 
media to be used in this area. 

The use of wood-stave filter walls 
for small temporary installations is 
permissible and in some cases recom- 
mended. It allows better ventilation 
and inspection of the bed and provides 
an economical unit for small installa- 
tions not requiring the degree of treat- 
ment furnished by sand filters. 

It was also found that higher load- 
ing rates may be applied on standard- 
rate filters. Grantham (12) reported 
that loadings ranging between 7.5 and 
20 m.g.a.d. could be used without diffi- 
culty and with good results using 2.5- 
to 3-in. aggregate. Some ponding was 
noticed at loading rates of 10 and 12.5 
m.g.a.d. when the minimum weather 
temperature fell below 45° F. How- 
ever, this ponding rapidly disappeared 
as the temperature rose. This trouble 
did not occur in warmer weather or at 
higher loading rates. 


Sludge Disposal 


Studies of loading parameters and 
operating procedures for heated and 
unheated, covered and uncovered di- 
vesters are underway at the campus 
plant. At present insufficient informa- 
tion is available to warrant conclusions ; 
however, a study of sludge drying has 
yielded pertinent information. Daw- 
kins (15) reported that while operat- 
ing the campus plant at 60 to 70 per 
cent capacity the sludge produced could 
be dried on 12.5 per cent of the area 
provided. The space furnished by ac- 
cepted design criteria was 1.43 sq. ft. 
per capita, whereas the actual area re- 
quired was 0.30 sq. ft. per capita( Fig- 
ure 13). The sludge dried on this area 
drained readily and was forkable in 5 
to 7 days. This accelerated drying 
time allowed a monthly schedule of 
sludge withdrawals, thus reducing the 
volume of sludge storage within the 
digester. 
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Summary and Conclusions 


It is believed that many design cri- 
teria applicable to colder climates may 
be revised for facilities to be built in 
the semitropics, thus reducing the cost 
of the initial installation. Among them 
are the following: 


1. Detention times required for pri- 
mary sedimentation units may be re- 
duced. <A logical maximum seems to be 
2 hr. and little advantage, if any, will 
be obtained by extension beyond this 
value. 

2. The intermittent sand filter, when 
properly constructed and operated, will 
provide economical sewage treatment 
for small installations requiring a high 
degree of bacterial and organic re- 
moval. From studies conducted at 


the Sanitary Research Laboratory of 
the University of Florida it appears 
that sands ranging in size from 0.25 
to 0.35 mm. may be loaded at a hy- 
draulie loading rate of 175,000 g.p.a.d. 
when dosed twice each day with pri- 


mary settled domestic sewage; 0.45- 
mm. sand will effectively treat 200,000 
g.p.a.d. under similar conditions; and 
1.04-mm. sands may be loaded with 
400,000 g.p.a.d. 

3. Increasing the number of loadings 
beyond two a day improves the effi- 
ciency of the beds containing sands 
less than 0.35 mm. in size, but does not 
appreciably improve the hydraulic ca- 
pacity. 

4. The efficiency of a sand filter con- 

taining sands smaller than 0.45 mm. 
in size is not appreciably increased by 
increasing the depth of sand bevond 18 
in. under the loading rates specified 
in item 2. 
5. As penetrating frost rarely occurs 
in semitropical areas, it is believed that 
the sodium sulfate soundness test 
should be eliminated from specifications 
for trickling filter media to be used in 
the Florida area. 

6. Brooksville limestone and Chatta- 
hoochee river gravel have proved to 
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FIGURE 13.—Sludge drying beds at campus sewage treatment plant, showing area 
actually used in drying sludge. 


be acceptable media for trickling filters 
in the Florida climate. 

7. The rate at which the B.O.D. is 
removed by trickling filters is some- 
what greater in semitropical climates 
than that reported by Velz (14). 
Thus, it may be of economic advantage 
to construct filters 4 ft. deep, instead 
of the standard 6 ft., in these areas. 

8. Standard-rate trickling filters 
may be loaded in excess of the 
4,000,000 g.p.a.d. specified by the 
Florida State Board of Health. Load- 
ing rates between 7.5 and 20 m.g.a.d. 
have been tested. The general efficiency 
of the bed is slightly decreased, but not 
in inverse proportion to the loading 
rate. If careful control of loading and 
secondary settling is maintained, sat- 
isfactory results will be obtained. How- 
ever, trouble may be experienced with 
ponding at hydraulic rates of 10 and 
12.5 m.g.a.d. with organic loading in 
excess of 2,500 lb. per acre-foot per day 
when the weather temperature falls 
below 45° F. 


9. Sludge drying areas may be re- 
duced substantially below those speci- 
fied for colder climates. 


It should be remembered that de- 
sign eriteria result from experience 
gained from many years of actual plant 
study. The work done at the Univer. 
sity of Florida is relatively new, but 
it is believed that it affords an insight 
into the behavior of sewage treatment 
units in a semitropical climate. It is 
hoped that this information in the 
hands of competent engineers, plant op- 
erators, and officials of the state boards 
of health will lead to further revisions 
of presently accepted standards. Many 
towns and communities may thus ob- 
tain adequate sewage treatment now 
prohibitive as a result of the excessive 
costs imposed by the existing codes. 
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DISCUSSION 


By GrorGe Russeuu 


Consulting Engineer, 


It is indeed a pleasure to have the 


opportunity of discussing Professor 
Furman’s excellent paper. This is par- 
ticularly true because the writer was 
represented on the original Research 
Committee of the Florida Sewage 


St. Louis, Mo. 


Works Association and, therefore, is 
more or less familiar with the develop- 
ment of some of these data. 

It is to be expected that some of the 
data accepted as basic for the design, 
operation, and maintenance of sewage 
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treatment facilities in the remainder of 
the United States might be subject to 
change for the semitropical tempera- 
tures encountered in Florida. 

The paper is divided into four sec- 
tions. It seems proper, therefore, that 
a review of this paper should follow 
the same breakdown. 


Primary Sedimentation 


In his first table, Professor Furman 
indicates the average air and sewage 
temperatures from seven Florida sew- 
age treatment plants. Examination of 
this table certainly indicates such 
higher values than those which many of 
the states find normal. 

For sedimentation, the results ob- 
tained from actual observation are be- 
lieved to vary too widely to be of any 
value for determining the proper curve 
to indicate the relation between deten- 
tion time and B.O.D. removal, but it is 
felt that emphasis should be placed on 
the observation that at temperatures 
around 85°F. ‘‘the efficiency of the 
tank actually decreased as the deten- 
tion time increased beyond a certain 
maximum.’’ 

It should be noted, however, that if 
the maximum retention period of 2 hr., 
as mentioned under ‘‘Summary and 
Conclusions,’’ is based on average 16- 
hr. daytime flow as indicated in the 
Florida State Board of Health require- 
ments, there is very little, if any, re- 
duction from those states which require 
as much as 214 hr. detention period 
based on the average 24-hr. flow. 


Intermittent Sand Filters 


With the modern development of 
tourist courts, motels, drive-in theaters, 
consolidated schools, ete., in regions 
where no municipal or other sewer 
systems are available, the data on in- 
termittent sand filter operation and 
construction is particularly timely. 

One of the problems which does not 
seem to be covered by this paper is 
what to do with primary tanks operat- 
ing on intermittent flows. In such in- 
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stitutions as consolidated schools, which 
operate only five days out of seven, 
should primary tanks be eliminated to 
keep them from becoming septic, or 
should there be sufficient recirculation 
to avoid that difficulty? Another ques- 
tion that occurs to the writer is that 
when sand sizes of 1.04 mm. are used 
with loadings as high as 400,000 
g.p.a.d. (used twice daily) will there 
be any sloughing of filter media and 
should final sedimentation tanks be in- 
stalled ? 

In connection with this problem, the 
writer wonders if any work has been 
done on the development of natural 
sand filters or sewage lagoons. 

Because of lack of other economical 
outlets for the discharge of sewage at 
Ocala, Fla., rather extensive soil ab- 
sorption tests were made. Even in 
the rainy season of August and Sep- 
tember, the minimum figure for soil 
absorption was 42.4 g.p.d. per square 
foot. A trickling filter plant was con- 
structed at Ocala, discharging the fil- 
ter effluent into lagoons after final sedi- 
mentation. This method of disposal 
has been satisfactory, even though the 
plant has been much overloaded so 
that the B.O.D. of the final effluent has 
been as high as 105 p.p.m. and the final 
suspended solids as high as 90 p.p.m. 
This would indicate that in certain sec- 
tions of Florida disposal by sewage 
ponds may furnish an economical an- 
swer. 


Trickling Filter 


The development of the fact that lo- 
cal Brooksville limestone is a satisfac- 
tory medium for standard and high- 
rate trickling filters will be of great 
interest to sanitary engineers in 
Florida. Emphasis should be placed 
on the statement: ‘‘The fact that tem- 
peratures below freezing are extremely 
rare in the subtropics makes the sodium 
sulfate test, which is supposed to simu- 
late the action of penetrating frost, 
unnecessary for media to be used in 
this area.’’ 

To engineers who are used to consid- 
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ering loading factors like 2 to 6 m.g.a.d. 
for standard-rate filters, the loadings 
indicated for trickling filters ranging 
between 7.5 and 20 m.g.a.d. seem some 
what unrealistic. The Florida State 
Board of Health requirements are 600 
lb. of B.O.D. per acre-foot, which for a 
6-ft. filter would correspond to about 
3 m.g.a.d. 

Professor Furman points out that in 
Florida, 75 to 80 per cent of the re- 
movable B.O.D. will be removed in the 
first 4 ft. of a trickling filter, whereas 
only 50 to 75 per cent may be expected 
in a colder climate. It would be of 
interest to have comparative data as 
to the removal in the top 4 ft. of a 6- 
ft. trickling filter as compared to the 
removal in a 4-ft. filter. Experience 
indicates that the removal is not the 
same, 


Sludge Disposal 


The studies on the important subject 
of sludge disposal are not completed, 
but the present data that only 0.3 sq. 


ft. per capita was required at one plant 
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seem to justify the low Florida State 
Board of Health requirements for 
trickling filter and plain sedimentation 
sludge. The Florida State Board of 
Health requires 2 sq. ft. per capita for 
activated sludge plants. This value is 
not lower, but indeed higher than re- 
quirements in some states. Is there 
any data to confirm this need ? 

In connection with the design of sew- 
treatment plants in Florida, it 
should be pointed out that one of the 
principal defects is odor control. Be- 
cause of the minimum grades required 
by flat terrain, the number of pumping 
stations required by bad ground-water 
conditions, and the high temperatures, 
the sewage reaches many of the sewage 
treatment plants in septie condition 
and plant become the major 
problem. Some studies might well be 
made on economical methods for the 
addition of dissolved oxygen to the 
sewage and the elimination of thresh- 
hold odors due to the liberation of 
sulfuretted hydrogen at the entrance 
to the plant. 


age 


odors 


SPECIAL RATES FIXED FOR “PROBLEM” SEWAGE 


Cities have begun to take more notice of 
the special demands made on sewage dis- 
industrial 
plants and other specialized businesses, ac- 
cording to the American Publie Works As- 
sociation. 

A number of U. S. rates 
for sewer service charges on the basis of 


posal systems by wastes from 


cities have set 


the bacteriological and chemical composi 
tion of the Industries that dis- 
charge large quantities of highly eoncen- 
trated sewage into the system thus pay 
higher rates than users that discharge di- 
luted wastes, which are less costly to treat. 

Among the cities to set special rates 
are: Fayetteville, Ark.; Palo Alto, Red- 
wood, Santa Cruz, Stockton, and Wood- 
land, Calif.; Colorado Springs and Grand 
Junetion, Colo.; Tipton and Kokomo, Ind.; 
Cedar Rapids, Charles City, and Fort 


sewage, 


Dodge, Iowa; Traverse City, Mich.; De- 
troit Lakes, Minn.; Circleville and Toledo, 
Ohio; Grants Pass, Ore.; Newberry, S. C.; 
Rush, Weslasco, Corpus Christi, and Texas 
City, Tex.; Winchester, Va.; and Madison 
and Shawamo, Wis. 

The rate schedule adopted by Madison 
is an example of one method currently in 
use to allocate more evenly the cost of 
treating wastes discharged into the munici- 
pal sewage system. Madison’s rate pro- 
vides that users pay from 20 to 50 per 
cent as a surcharge above the normal bill 
if their sewage contains a specified degree 
of pollution, measured in terms of stated 
chemieal and bacteriological factors. 

In addition, the ordinance carries a pro- 
vision that prohibits the discharge into 
sewers of any substance that adversely af- 
feets the operation of the system. 
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SEWAGE EFFLUENT RECLAMATION FOR IN- 
DUSTRIAL AND AGRICULTURAL USE * 


By ArRNoLD E. GREENBERG AND JEROME F.. THoMAS 


Microbiologist and Chemist, respectively, Sanitary Engineering Research Laboratory, 
University of California, Richmond, Calif. 


The demand on one of the country’s 
greatest natural resources—fresh wa- 
ter—is rapidly approaching the supply 
and in many areas, notably in the 
west, has already exceeded it. Early 
literature on the subject showed a 
growing awareness of this problem. 
Later, suggested methods of alleviation, 
principally by the reclamation of sew- 
age, began to appear. At present the 
principal concern is with studies of 
the fundamental considerations in- 
volved in waste-water reclamation. In- 
herently, this phase is time consuming, 
but it is a necessary forerunner to the 
final and major step—the economic 
realization of reclamation. 

Sewage effluents have been returned 
to the soil for centuries. Reclamation 
of this type has been termed **inci- 
dental’’ (1) (2)(3), as the reclamation 
of water is incidental to the disposal 
of sewage. ‘‘Planned reclamation’’ is a 
more recent development. It is de- 
signed specifically to produce a usable 
water from sewage. If the water pro- 
duced by planned reclamation is uti- 
lized directly by industry or agricul- 
ture, it is referred to as ‘‘direct use.’’ 
Publie opinion has frowned upon such 
re-use of sewage for reasons of health 
or aesthetics. Indirect use,’’ as dis- 
tinet from direct use, involves replen- 
ishing ground-water basins from which 
industrial, agricultural, or domestic 
supplies are drawn. 

For a period of 214 years the Sani- 
tary Engineering Research Laboratory 

* Presented at 17th Annual Meeting, Rocky 


Mountain Sewage Works Assn.; Santa Fe, 
N. Mex.; Sept. 21, 1953. 


of the University of California investi- 
gated the reclamation of water from 
sewage by spreading; that is, planned 
reclamation with indirect use. This 
research program had the following ob- 
jectives: 


1. Evaluation of the bacteriological 
and chemical changes occurring in the 
sewage and the soil as the liquid moved 
downward toward the ground water. 

2. Determination of the degree of 
sewage treatment necessary before 
spreading. 

3. Establishment of optimum operat- 
ing techniques for maintaining maxi- 
mum percolation rates. 

4. Evaluation of nuisances, such as 
flies, mosquitoes, and odors, which 
might be associated with the operation 
of a reclamation program. 


Experimental Procedures 
Spreading 


A suitable site for field studies of 
spreading was selected adjacent to the 
activated sludge treatment plant of 
Lodi, Calif. (4). Eight circular spread- 
ing basins, 19 ft. in diameter, were con- 
structed. Lateral water travel from 
the test basins was minimized by sur- 
rounding each with a flooded area 28 
ft. square. Four of the basins were 
equipped with sampling facilities so 
that the percolating liquid could be 
sampled for bacteriological and chemi- 
cal analysis at depths of 1, 2, 4, 7, 10, 
and 13 ft. below the ground surface. 
Sampling pans were placed in position 
at each depth through access windows 
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TABLE I. 


June, 1954 


Average Results of Chemical Analyses of Percolating Liquids in 


Four Spreading Basins, Lodi, Calif. 
1950-1951! 


coe 


orb 


to 


1 Basins A, B, and C spread with final effluent; basin D spread with fresh water. 


in a centrally located dry well. In 
placing the pans care was taken to 
avoid disturbance of the natural soil 
stratification above them. 

Spreading was studied with three 
liquids—fresh water, sewage treatment 
plant final effluent having a B.O.D. of 
about 10 p.p.m., and settled sewage 
with a B.O.D. of about 100 p.p.m. 

The method of operation was to flood 
a basin to a depth of at least 6 in. and 
measure the liquid surface elevation 
in a stilling well by means of a hook 
gauge. Daily readings of the surface 
elevation were made and more test 
liquid was added periodically to main- 
tain an average depth of not less than 
6 in. Operating techniques included 
various cycles of spreading and resting, 
as well as modifying the surface of the 
soil by spading, adding sand or other 


NO:—N | NO; —N PO, | HCO; 
|71.0| 269} 09 | 25 | 
58.9 | 
66.9 | 2 


70.4 
66.1 
62.0 
| 57.9 
56.5 
64.5 


66.7 


65.9 | 3: 
73.6 

64.5 | 
70.0 | 29. 
69.3 | 
60.0 | 
70.0 


32.0 | 

| 31.4 
42.6 | 2 
32.6 | 


material, and growing plants in the 
spreading basin. 


Chemical Analysis 


Relatively complete chemical analy- 
ses were made of all liquids to be per- 
colated. The same analyses were made 
of samples withdrawn from the various 
sampling points. These analyses in- 
cluded ammonia, nitrite, nitrate, and 
organic nitrogen; boron; calcium; so- 
dium; potassium; magnesium; chlo- 
ride; phosphate; sulfate; sulfide; alka- 
linity ; conductivity ; pH; B.O.D.; and 
dissolved oxygen. Ionie balances were 
made on all samples to check the ac- 
curacy of the determinations. 

Soil samples were analyzed by both 
chemical and physical tests. These 
tests included particle size distribution, 
permeability, base exchange complex, 
organic nitrogen, and carbon. 
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Na K Ca Mg |NH:—N 

\ 0 | 63.7 | 12.7 | 384] 184] 5.1 

l 65.0 | 8.2 | 31.5 | 20.2 | 0 

2 3881148! 0 

4 | 62.2 | 10.2 | 35.1) 181!) 08 

| 

B | | 70.0 | 10m) 31.5 | 173 | 5.9 2.9] 04 | 30 | 83] 169 

56.1) 7) 29.0 15.1) 14 | | 26 | 221 298 

2 | 568 | 68) 37.1 | 16.1) 0 34.7 | 0 8.5 | 0 196 

58.0 | 64 | 33.9 | 13.5) 0 38.2 | 8.9 0 168 

eat 7 | 64.0) 6H | 273 | 216) 0 28.0; 0 | 80 0 236 

“et oa 10 6L.S ‘| 34.1 | 15.6 0 39.0 | O | 87 | 0 208 

Hee Se 13 60.0 4. 45.9 | 15.3 0 Mm | 41.3 0 | 86 | 0 231 

eee C | O | 66.2 | 11.8 | 29.6 | 169) 69 1; o4 | 18 | O1| 214 

Ree 1 67.2 | 12.9 | 33.1 | 10.8 0.4 1 | 0 | 2.4 0 | 248 

2 | 62.1 | 10.4 | 30.7 | 15.6 | 3.9 0 0.9 | 0 | 266 
| 65.1 | 10.8 | 38.2 | 12.2 | 1) O | 13 | 4.1 269 

7 | 612] 5.9 | 33.7 136) 0 5; | 42 | O1 232 

| 10 | 60.7 | 5.0 | 33.3 155) 0 0 | 3.3 0 229 

13 69.9 | 46] 43.3 | 15.1 | 0 1| 0 | 6.3 0 268 

cee D | O | 326) 4.1 | 223 | 15.9] 16 74] O01 | O4 | 25 | 137 

| 1 | 345] 65 | 20.7] 149] O | 12 | 1.6] 193 

7 | 465 |) 55/351) 45] 0 0 | 10 | 0 172 

13 | 363] 24/197] 16 7.0} 0 | 13 | O 162 
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Bacteriological Analysis 

During the early part of the work 
the bacteriological examination con- 
sisted of the total plate count and the 
confirmed test for coliform group or- 
ganisms (5). It soon beeame apparent 
that the results of the 37° C. plate 
count were highly variable and of little 
significance. For this reason the run- 
ning of this analysis was discontinued. 
To supplement the test for coliform or- 
ganisms a test for fecal streptococci 
(6) was used. The concentration of 
fecal streptococci, particularly in the 
final effluent and the percolated liquids, 
was so low that this test also proved to 
be of little value. Hence, assessment 
of the bacteriological purity of the wa- 
ter relied on the most probable number 
(M.P.N.) of coliform group organisms. 


Measurement of Percolation Rates 
The differences between daily liquid 
level readings was considered the gross 
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percolation. This was expressed in 
acre-feet per acre per day, or more 
simply, as feet per day. <A weather 
station maintained at the Lodi sewage 


treatment plant provided data on 


evaporation and rainfall. Applying a 
correction factor for the daily net rain- 
fall or evaporation to the daily gross 
percolation gave the daily net percola- 
tion. 

Results 
Chemical 


Few quantitative chemical changes 
occurred in the percolating liquid. 
From Tables I and II it will be noted 
that there were no significant changes 
in the cations with the exception of 
potassium and ammonium. Potassium 
ion decreased about 50 per cent during 
percolation through 13 ft. of soil. The 
fixing of potassium in a non-exchange- 
able form on certain clay minerals 
would account for this. Ammonia was 


TABLE II. Average Results of Chemical Analyses of Percolating Liquids in 
Four Spreading Basins, Lodi, Calif. 


1952! 
Determination (p.p.m.) 
Na K | Ca | Me Cl | 804 PO« | 
a | o | 815) 172 | 22.5 30.8 | 21.6 | 67.1) 294! 0 | 14 | 202) 282 
1 | 113.9| 15.1 | 234) 11 | 701/257) 0 | 71 | 1.0 | 363 
2 | 118.9| 13.2 | 19.2) 19 | 683/350, 0 | 09 | 31) 352 
4 | 116.0} 18.8 | 42.2) 0.5 |219.6) 26.1) 0 48 | 14] 331 
| | 
B 0 | 86.4] 19.3 | 28.6 | 328 | 174 | 77.8) 19.9 | 0 | 12 | 202 | 337 
1 | 808) 135/324 | 218| 26 | 794) 94) 0 25 | 14} 322 
2 | 80.4| 13.4 | 27.1 205 | 06 | 641) 0 2.4 | 1.0 | 330 
10 | 74.6) 4.5 | 326 | 15.1) 1.1 | 70.0| 16.9 0 | 90 | 0 | 276 
13 62.6| 4.3 | 37.7 | 24.1 | 2.9 - 1i8.9| 0 | 87 | O | 298 
| 
Cc 0 | 80.0) 13.1 | 183 | 254 | 15.7 | 686/280) 0.1 | 13 | 11.6 | 265 
1 | 728) 14.9] 174 | 220} 103 | 702/155) 0 | 0 | 108 | 276 
2 | 70.5) 14.3 | 20.9 | 27.3 | 164 | 65.7) 61) 0 | | 136] 323 
4 | 72.2) 15.2 | 19.0 | 214!) 15.0 | 60.9, 16.6 0 0 | 91 | 277 
7 | 708) 15.2| 21.9 | 202| 3.7 | 60.1) 98| 0 14.2 | 4.1 | 250 
10 | 75.6) 9.2 | 180 | 13.0| 3.2 | 588| 0 17.9 | 0.7 | 188 
13 | 70.5) 4.2 | 31.3 | 218] 06 | 651/162) 0 | 80 | 10) 273 
| 

D | 79.1] 128 | 23.4] 185] 5.3 | 69.7| 27.2] 02 10 | 89 | 208 
| 1 | 71.3] 12.2 | 24.1 | 209] 09 | 62.0] 0 81 | 21 | 206 
13 | 698| 3.7 | 296 | 148 | 28 | 620/225 | 0 9.0 | 0.1 | 234 


1 Basins A and B spread with settled sewage ; 


basins C and D spread with final effluent. 


? High ion concentration due to application of mixed chlorides in flow through test. 
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FIGURE 1.—Dissolved oxygen concentration as a function of depth in four spreading 
basins, Lodi, Calif. 


completely removed within 4 ft. This mainder disappeared through the 
was caused by both physical and bio- agency of the flora indigenous to the 
logical factors. A base exchange of soil, which either incorporated am- 
ammonium ions for cations absorbed on monia nitrogen into cell substance or 
the clay minerals would account for oxidized it to nitrites and nitrates. 

part of the ammonia loss. The re- Of the anions, chlorides alone re- 
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FIGURE 2.—M.P.N. of coliform group organisms as a function of depth in four 
spreading basins, Lodi, Calif. 
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DAYS OF SPREADING 
FIGURE 3.—Daily percolation rate changes on basin A. Each discontinuity in the curve 


mained unchanged. Phosphate ions 
disappeared during the first foot of 
vertical water travel. This may have 
been due to a replacement of the hy- 
droxy! ions on the clay lattices or, more 
likely, to uptake by the microorgan- 
isms developing in the soil. Sulfate 
and bicarbonate ions increased with 
depth. Since aerobie conditions ex- 
isted in the soil, this was probably due 
to the oxidation of organic material. 
Consistent with the presence of oxygen 
and the removal of ammonia, is the 
increase in nitrate nitrogen. 

The variations in the dissolved oxy- 
gen are more difficult to explain. The 
fresh-water control basin followed the 
expected natural trend; a rapid de- 
crease in the first foot followed by a 
small but regular decrease to the lowest 
sampling point (Figure 1). Basins 
spread with sewage showed an initial 
decrease typically associated with or- 
ganic loading and oxidative stabiliza- 
tion, but this was followed by a see- 
ondary rise in dissolved oxygen. This 
rise was unexpected, inasmuch as there 
is no known method whereby oxygen 
ean be produced by living organisms 
in the absence of light. A possible 


represents a period of resting for seven days. 


explanation is that a release of oxygen 
occurred as a result of the chemical 
breakdown of certain organic com- 
pounds. 

The B.O.D. decreased to an average 
of less than 2.5 p.p.m. within the first 
foot of vertical travel, regardless of 
the liquid applied. There was no cor- 
relation between depth and conductiv- 
ity or pH. 


Bacteriological 


The average M.P.N. of coliform 
group organisms in samples below the 
4-ft. sampling level was 1 or less (Fig- 
ure 2). This was independent of the 
liquid being spread. 


Percolation Rate 


With all of the liquids spread, nor- 
mal percolation rate variations as a 
function of time were obtained. Dur- 
ing each spreading period there initi- 
ally appeared the typical ‘‘S’’ curve 
shown in Figure 3. As time progressed 
the individual curves became flattened 
and almost linear. The initial perco- 
lation rate after any resting period was 
always relatively high. 

The type of graph illustrated in Fig- 
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AVERAGE 


ONE WEEK SPREADING-ONE WEEK RESTING 
FRESH WATER APPLIED, BASIN D 
0.095 FT PER DAY 


SPADING AFTER EACH RESTG PERIOD 
AVERAGE O168 FT PER DAY 


ONE WEEK SPREADING-ONE WEEK RESTING 
SETTLED SEWAGE APPLIED, BASIN GC" 
AVERAGE 0.093 FT PER DaY 


ONE WEEK SPREADING ONE WEEK RESTING 
EFFLUENT APPLIED, BASIN B 
0153 FT PER DAY 


SPADING AFTER EACH RESTG PERIOD 
AVERAGE 0254 FT PER DAY + 
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FIGURE 4.—Average percolation rate changes on basins. 
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FIGURE 5.—Average percolation rate changes on basin C. 


: 

766 
10 
| 
} 
ole 

o7 
~ 
| 
os 
0.4 
| 03 
0.3 
08 
| 
| 
os 
04 
03 

| 
Bye 


Vol. 26, No. 6 


ure 3 is difficult to interpret. A more 
meaningful analysis of the results can 
be obtained by plotting against time the 
average percolation rate during each 
cycle of spreading. This average per- 
colation rate is obtained by dividing the 
total amount of water percolated dur- 
ing the spreading period by the total 
spreading and resting time of the cycle. 
Figure 4 shows the results of applying 
this analysis to the data on percolation 
rates of fresh water, final effluent, and 
primary effluent on a two-week cycle of 
spreading and resting. It is notable 
that in all basins an initial increase in 
percolation rates was followed by a 
leveling off or ‘‘steady-state’’ rate. 
This steady-state is the basis for com- 
parison of the percolation rates of the 
various liquids applied to the soil. For 
final effluent it was consistently about 
0.15 ft. per day; for primary effluent 
and for fresh water the rate was only 
about 0.09 ft. per day. The low rate 
obtained for fresh water was due to 
the relatively high proportion of fine 
particles of soil. 

The method of analysis used in de- 
veloping Figure 4 was applied to per- 
eolation data involving three days and 
seven days of spreading, followed by 
various resting periods, as well as to 
data from continuous spreading. The 
result showed that varying the cycle 
of spreading and resting had little ef- 
fect on the shape of the curve or on 
the initial steady-state rates. 

Considerable changes resulted from 
the different operating techniques stud- 
ied. A volunteer growth of weeds in- 
creased the steady-state rate. The ad- 
dition of sand caused only a temporary 
increase. Spading or discing to a depth 
of 6 in. following the resting period of 
the cycle caused an increase in the per- 
colation rate. This increase was gen- 
erally of short duration and the rates 
slowly fell off to the normal steady- 
state rate. Considering the two-week 
eycle, which has been extensively stud- 
ied, spading must be done at regular 
intervals to be of any value. However, 
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frequent spading may also result in 
soil compaction if mechanical equip- 
ment is used (7), leading to reduced 
percolation rates. The beneficial effect 
of spading a basin which had been un- 
der continuous submergence for some 
time and subsequently dried is shown 
in Figure 5. When continuous sub- 
mergence was resumed, the percolation 
rate was increased from 0.15 to about 
0.5 ft. per day and the effect was of a 
lasting nature. 


Discussion 


The investigation has shown that it 
is possible to reclaim water from sew- 
age by surface spreading. The results 
are, of course, strictly applicable only 
to the conditions tested. At Lodi the 
soil was classified as a Hanford fine 
sandy loam. To a depth of 13 ft. the 
average content of clay, sand, and silt 
were, respectively, 7.9, 17.7, and 74.4 
per cent. Although the average effec- 
tive size was 0.033 mm., the high uni- 
formity coefficient of 63.9 indicates that 
there was much variation in particle 
size. Under other soil conditions dif- 
ferent rates of percolation and purifi- 
cation might be expected. For ex- 
ample, Stone and Garber (8), using 
an extremely coarse soil, reported an 
average percolation rate of about 2 ft. 
per day, a rate much higher than any 
observed during the Lodi study. 

To repeat the investigation in other 
areas is economically unfeasible; how- 
ever, the Sanitary Engineering Re- 
search Laboratory is continuing the 
study in small pilot plants using rep- 
resentative California soils. It is 
hoped that the information derived 
from the small-scale units will make 
possible a generalizing of the Lodi ex- 
perience so that percolation rates in 
different natural soils can be predicted. 
If this is possible, design criteria for 
any spreading-reclamation plant can 
be established. 

Figure 2 shows that the U. S. Public 
Health Service bacteriological stand- 
ards for drinking water could be met 
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by percolating sewage treatment plant 
primary or secondary effluent through 
at least 4 ft. of soil. The observed re- 
duction in coliform count is consistent 
with that reported in the literature. 
Calaway, Carroll, and Long (9) studied 
bacterial removal by an intermittent 
filter, of which the sand had an effec- 
tive size of 0.31 mm. Passage of set- 
tled sewage through 30 in. greatly re- 
duced the coliform count. In England, 
Allen, Brooks, and Williams (10) ob- 
tained similar results. 

From Figure 2 it is clear that the 
coliform count did not decrease uni- 
formly with depth. The peak M.P.N. 
observed in two basins at the 2-ft. 
level was presumably due to channels 
leading directly from the ground sur- 
face to the sampling pan. Work with 


tracer substances, and ultimate excava- 
tion of the sampling pans affected, 
definitely established the presence of 
channels. This experience indicates the 
dangers which can result from chan- 
nels in a reclamation basin. 


If the 
ground-water table is close to the 
ground surface, contamination or pol- 
lution of the ground water can easily 
result, even if only a few channels are 
present. The proposed site for a recla- 
mation plant should be carefully exam- 
ined to insure the absence of conditions 
which might lead to the recharge of an 
underlying aquifer without purifica- 
tion of the sewage by soil action. Lime- 
stone formations, recent alluvial fans, 
or faulted regions which do not have 
sufficient soil cover will, in most in- 
stances, be unsuitable. If the ground- 
water table is relatively low, however, 
direct channeling is unlikely in the 
usual agricultural soils. 

There is little chemical difference be- 
tween the sewage or sewage effluent and 
the water reclaimed from it. Unless 
the sewage contains toxic materials or 
high concentrations of undesirable ma- 
terials (such as chlorides, sulfates, so- 
dium, and boron) the water reclaimed 
from it will be satisfactory for most 
purposes. The data in Tables I and 
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II show that during the process of wa- 
ter utilization in Lodi, the chloride ion 
concentration increased from 32 to 
roughly 70 p.p.m. On the basis of this 
inerease of chloride ion concentration 
per cycle of water use, at least five 
cycles would be possible before the 
concentration reached 250 p.p.m., rec- 
ommended by the U. 8. Public Health 
Service as the upper limit for chlorides. 
The dilution of reclaimed water by 
the ground water would generally re- 
duce the concentration of all ions. 

With a knowledge of (a) the use to 
which reclaimed water will be put, (b) 
local data on the chemical pick-up dur- 
ing water use, and (ec) the expected 
dilution faetor, it should be possible to 
evaluate the feasibility of a reclama- 
tion program in terms of the quality 
of the water produced. It should be 
emphasized that wastes containing high 
concentrations of undesirable  sub- 
stances should be segregated from sew- 
age which is to enter a reclamation 
plant. 

In all instances, continuous applica- 
tion resulted in higher percolation 
rates than intermittent spreading. 
Continuous submergence with final 
effluent gave the highest rates. A pre- 
liminary spreading and resting period 
prior to the start of continuous spread- 
ing appears necessary for best results. 
The preliminary spreading may be 
made with material containing a high 
organie load, such as settled sewage. 
Although the large amount of organic 
matter may result in rapid clogging, 
during the resting period this organic 
material will be decomposed with the 
formation of soil aggregates of maxi- 
mum stability. Following the resting 
period, which should be continued un- 
til the surface soil is well dried, spad- 
ing seems desirable. Continuous sub- 
mergence may then begin. Bliss, John- 
son, and Schiff (11) have suggested a 
similar scheme. They used cotton gin 
trash to build up the soil organic mat- 
ter and improve particle aggregation. 
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They termed the preliminary resting 
period the ineubation period, and con- 
sidered it essential in order to obtain 
maximum percolation rates. 

The maximum sustained percolation 
rate using sewage treatment plant final 
effluent was about 0.5 ft. per day, 
whereas for settled sewage it was only 
0.2 ft. per day. This indicates the 
desirability of using a highly purified 
sewage. If a percolation rate of 0.5 
acre-ft. per acre per day is taken as 
a design criterion for a reclamation 
plant, about 6 acres would be required 
for a flow of 1 m.g.d. Providing for 
basin resting during two months of 
the year, the land requirement would 
be increased to about 7.2 acres. Initial 
cost, in addition to that of the land, 
would include basin leveling, dike erec- 
tion, piping, and controls. Operating 
costs would include dike maintenance, 
pumping, mosquito control, ete. 

During the course of the investiga- 
tion a daily record was kept of the 
odors associated with each basin. Sew- 
age odors were seldom observed. Fur- 
thermore, the degree of sewage treat- 
ment prior to spreading did not seem 
to affect odor intensity. On intermit- 
tently operated basins, algae, which 
grew during the spreading period, were 
partially decomposed on drying. This 
decomposition produced mild character- 
istic odors. On a large-scale operation 
such odors might become a sufficiently 
great nuisance to warrant algae con- 
trol. If basins are operated continu- 
ously, however, this problem will sel- 
dom arise. 

Spreading basins, being large bodies 
of standing water, may be ideal for 
insect breeding. Entomological sur- 
veys of the basins at Lodi indicated 
that numerous species and individual 
insects were present during the sum- 
mer months. Of the species collected, 
Psychoda and other chironomid flies, 
are known to be nuisances. More im- 
portant from the standpoint of public 
health was the matter of mosquito 


SEWAGE EFFLUENT RECLAMATION 


769 


breeding. Although no anopheline 
(malarial) mosquitoes were found, they 
might occur in spreading ponds. A 
vector in the transmission of encepha- 
litis, Culex tarsalis, was, however, quite 
numerous. It may be concluded that 
insect nuisances may occur, but that 
insect menaces to public health should 
be expected and that provisions for 
adequate control be made. 


Conclusions 


Although no criteria for the design 
of water reclamation projects were de- 
termined, optimum methods of opera- 
tion may be outlined as a result of 
the experience at Lodi, Calif. These 
experiences indicate that reclamation 
by spreading is feasible, but local con- 
ditions will determine its economic 
practicability. 

The principal conclusions may be 
summarized as follows: 


1. A bacteriologically safe water can 
be produced from settled or more 
highly treated sewage if the liquid 
passes through at least 4 ft. of soil. 

2. A water of chemical quality satis- 
factory for most uses can be produced 
from settled sewage or final effluents, 
provided high concentrations of un- 
desirable wastes are not included in 
the raw sewage. 

3. To obtain relatively high rates of 
percolation, a highly treated sewage 
plant effluent must be used for spread- 
ing. 

4. A percolation rate of at least 0.5 
acre-ft. per acre per day can be ex- 
pected when spreading a final effluent 
on Hanford fine sandy loam. 

5. The optimum method of operation 
is to spread continuously for a month, 
preferably with a liquid containing 
large amounts of organic matter, then 
to allow the basin to rest until it is air 
dried. Thereafter, cultivation of the 
dry soil seems desirable. Following 
this preliminary treatment, continuous 
application of a final effluent may be 
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carried on for as long as six months. 
Resting and cultivation may then be 
repeated. 

6. Mosquitoes in spreading basins 
will create a nuisance and health haz- 
ard unless control measures. are 
adopted. If algal odors are pro- 
nounced, the control of algae also may 
be necessary. 

7. Further investigation of percola- 
tion of sewage in different soils, and 
of phenomena associated with the 


movement of water into such soils, is 
needed in order to generalize the fore- 
roing conclusions reached as a result 
of this study with Hanford fine sandy 
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loam. Such studies are being made 
by the University of California. 


Acknowledgments 


The work described herein was sup- 
ported in part by a grant from the De- 
partment of Public Health and the 
Water Pollution Control Board of the 
State of California. Appreciation is 
expressed to Professor Paul R. Day; 
taymond V. Stone, Jr.; and to H. B. 
Gotaas, director, P. H. McGaughey, 
assistant director, and other members 
of the Sanitary Engineering Research 
Laboratory staff, for valuable advice 
and assistance. 


References 


. ‘*Present Economic and Technical Status 
of Water Reclamation from Sewage 
and Industrial Wastes.’’ Tech. Bull. 
No. 4, San. Eng. Res. Project, Univ. 
of California (Mar., 1951). 

. Ludwig, R. G., ‘‘Reclamation.of Water 
from Sewage and Industrial Wastes in 
Los Angeles County.’’ THIS JOURNAL, 
22, 3, 289 (Mar., 1950). 

. Arnold, C. E., Hedger, H. E., and Rawn, 
A. M., ‘‘Report upon the Reclamation 
of Water from Sewage and Industrial 
Wastes in Los Angeles County, Cali- 
fornia’’ (Apr., 1949). 

. Greenberg, A. E., ‘Final Report on Field 
Investigation and Research on Waste- 
Water Reclamation and Utilization in 
Relation to Underground Water Pollu- 
tion.’? San. Eng. Res. Project, Univ. 
of California (June 30, 1952). 

5. ‘*Standard Methods for the Examination 
of Water and Sewage.’’ 9th Ed. Amer. 
Pub. Health Assn., New York, N. Y. 
(1946). 

3. Mallman, W. L., and Seligmann, E. B., 
‘*A Comparative Study of Media for 


the Detection of Streptococci in Water 
and Sewage.’? Amer. Jour. Pub. 
Health, 40, 286 (1950). 

. Huberty, M. R., ‘‘Compaction in Culti- 
vated Soils.’’ Trans. Amer. Geophys. 
Union, 896 (1944). 

. Stone, R., and Garber, W. F., ‘‘ Sewage 
Reclamation by Spreading Basin Infil- 
tration.’’ Proc. Amer. Soc. Civil Eng., 
Separate No. 87 (1951). 

9. Calaway, W. T., Carroll, W. R., and Long, 
S. K., ‘‘Heterotrophic Bacteria En- 
countered in Intermittent Sand Filtra- 
tion of Sewage.’’ THIS JOURNAL, 24, 
5, 642 (May, 1952). 

0. Allen, L. A., Brooks, E., and Williams, I., 
‘“Effect of Treatment at the Sewage 
Works on the Numbers and Types of 
Bacteria in Sewage.’’ Jour. Hyg., 47, 
303 (1949). 

. Bliss, E. S., Johnson, C. E. and Shiff, L. 
‘*Report on Cooperative Water Spread- 
ing Study, with Emphasis on Labora- 
tory Phases.’’ U. S. Dept. of Agri- 
culture, Soil Conserv. Service (1950). 


ne 

] 
: 
: 
er 
= 
See 

ie 


SEWAGE LAGOONS IN NORTH DAKOTA 


By W. Van HEUVELEN AND JEROME H. Svore 


Respectively, Director, Division of Water Pollution Control, and Chief, Environmental 
Sanitation Services, North Dakota State Department of Health, 
Bismarck, N. Dak. 


Successful operation of sewage la- 
goons during the past four years has 
shown this method of disposal to be 
adequate in taking care of the needs 
of a number of North Dakota com- 
munities. The lagoons have been de- 
veloped as a final disposal method prin- 
cipally because of the high cost of con- 
struction of more conventional types of 
sewage treatment. In many of the 
smaller cities the cost of final disposal 
facilities has been the deciding factor 
as to whether or not the city could in- 
stall a sewage system. 

Even the cost of primary treatment 
facilities, such as an Imhoff tank, in 
most cases has been too great for the 
cities to consider in conjunction with 
the installation of a new sewer system. 
Since land is relatively cheap compared 
to the construction work involved in 
the building of a sewage treatment 
plant, and since the actual construc- 
tion cost of a lagoon is low, this type 
of treatment has been readily accepted 
by the smaller communities. Many 
larger cities also find the cost of neces- 
sary secondary treatment of sewage 
prohibitive and will make use of la- 
goons because of their low cost. 

With lagoons operating satisfactorily 
in North Dakota, the North Dakota 
State Health Department feels that it 
can recommend and approve this type 
of final sewage disposal. 


Additional Advantages 


The sewage lagoon fills all the re- 
quirements for a satisfactory sewage 
disposal system. The sewage is carried 
out of the city limits and disposed of 


in such a manner that nuisance condi- 
tions do not develop. It also disposes 
of the sewage so that it neither pollutes 
surface or underground waters nor 
creates a health hazard or nuisance 
condition at the lagoon site. Water 
from a sewage lagoon can be discharged 
into a flowing stream because it has 
been satisfactorily stabilized and the 
pollution load of the raw sewage has 
been greatly reduced. However, a ma- 
jority of the lagoons now operating in 
North Dakota have been built to pro- 
vide adequate capacity to hold the en- 
tire flow of sewage in the lagoon and 
provide for no discharge to any water- 
course. 

The initial lagoon installation in 
North Dakota was made in 1948 at 
Maddock. The design for the lagoon 
at Maddock was based on an instalia- 
tion which had been put into operation 
at Fessenden in 1928 and operated 
successfully during a 20-year period. 
The installation at Fessenden, though 
not a true lagoon, had many of the 
features of the present-day lagoons in 
North Dakota. At Fessenden a pot- 
hole was dammed off and the sewage 
discharge along the berm directly to 
the pothole area. The biggest change 
in design at Maddock was the extend- 
ing of the discharge line to the center 
of the lagoon to avoid the piling up of 
sludge along the edges of the dike, as 
had occurred at the Fessenden instal- 
lation. This center discharge of raw 
sewage to the lagoon was so successful 
that it has become standard practice 
in the lagoons now installed in North 
Dakota. On August 1, 1953, 13 com- 
munities in North Dakota were operat- 
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772 
ing sewage lagoons. Several additional 
communities were in the planning or 
construction stage of using this type of 
final disposal. 

The sewage lagoon provides primary 
and secondary treatment similar to that 
of a secondary sewage treatment plant, 
plus dilution as obtained by discharg- 
ing into a flowing stream. Solids are 
settled out and dispersed and broken 
up by wind action. Oxidation and 
bacterial action also occur. Because 
of the retention of water in the lagoon, 
a high degree of dilution is provided. 
The processes taking place are ones of 
natural decomposition taking place un- 
der optimum conditions. With dis- 
solved oxygen maintained in the sew- 
age, the decomposition takes place un- 
der aerobic conditions, consequently no 
odors are produced. Through atmos- 
pherie reaeration and mixing due to 
wind action, oxygen is absorbed into 
the pond. In this environment aerobic 
bacteria convert much of the organic 
carbon in the sewage to earbon di- 
oxide. 

The resulting water, with high phos- 
phorus, nitrogen, and carbon dioxide 
content, is favorable for the growth of 
algae, which in turn adds consider- 
able oxygen to the lagoon and _ pro- 
vide a supersaturated oxygen condition 
through the spring, summer, and fall 
months. It is the growth of these 
chlorophyl-bearing organisms that is 
responsible for maintaining the water 
in a supersaturated condition insofar 
as oxygen is concerned. 

The combination of bacterial action 
and the oxygen produced in the lagoon 
by algae tend to consume the sewage 
organic carbon compounds and to sta- 
bilize the water in such a way that no 
nuisance conditions develop. During 
the low temperatures of the winter 
months, much of this bacterial and 
algal activity is stopped. However, 
when a season with low snowfall oc- 
curs, some treatment still takes place 
in the lagoon. With almost a complete 
ice cover on the lagoon, no nuisance 
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conditions develop during the winter 
months. 


Evaporation and Percolation 


Most lagoons in North Dakota are 
designed so that evaporation and ab- 
sorption in the soil provide the means 
of final disposal of the sewage. Be- 
cause of the relatively large areas in- 
volved, absorption rates in the vicinity 
of 4% to \%& in. per day adequately 
handle the sewage. 

Even though the soil fails to absorb 
all of the sewage, the water from the 
lagoon could be discharged to any wa- 
tercourse without fear of pollution. 
The volume of the lagoons is sufficient 
for a holding period of approximately 
120 days. Therefore, the sewage is 
well-stabilized and pathogenic organ- 
isms have died off during this reten- 
tion period. With an average net 
evaporation loss of 18 in. per year in 
North Dakota, there is an average loss 
of 1,340 g.p.a.d. of the lagoon water. 
Seepage rates of 14 in. per day will 
dispose of 6,866 g.p.a.d., whereas a 
seepage rate of 1% in. per day will dis- 
pose of 3,433 g.p.ad. Thus, a total 
loss of water from the lagoon at seep- 
age rates of 14 in. per day and average 
evaporation losses will amount to 8,206 
g.p.a.d., or with the seepage rate of 14 
in. per day the total average loss due 
to seepage and evaporation would be 
4,773 g.p.a.d. These figures point up 
the fact that seepage or percolation 
into the soil is one of the most im- 
portant factors in controlling the 
amount of sewage loss in the lagoon 
system. 


Design Considerations 


A lagoon should be designed on the 
basis of the population to be served, 
the sewage flow, the net evaporation 
per year, the percolation rates, and 
the amount of industria! wastes to be 
disposed of along with domestic sew- 


age. Experience in North Dakota has 
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FIGURE 1.—Sewage lagoon of 154-acre area provides adequate sewage disposal for the 
200 population of Butte, N. Dak. 


shown that a 10-acre lagoon area should 
be provided for about each 1,000 popu- 
lation. This is a broad, general figure 
and must be adjusted according to the 
previously mentioned items. One town 
population of 1,100 is operating a 714- 
acre lagoon in a very satisfactory man- 
ner and discharging no water ; another 
town of about the same population has 
found it necessary to use a total of 18 
acres to hold the sewage flow and pro- 
vide adequate treatment. 

Another method of design for size 
is to provide a lagoon capacity about 
200 times the daily sewage flow. It 
has been recommended to cities that 
they purchase two or three times the 
amount of land required for the initial 
lagoon. This extra land provides for 
future expansion and growth of the 
community, as well as space for extra 
lagoons, if needed. A community of 
1,000 population would then purchase 
30 to 40 acres of land and build a la- 
goon with an area of about 10 acres, 


depending on soil characteristics and 
seepage rates. 

As in the location of any sewage 
treatment plant, the lagoon should be 
placed some distance from town to in- 
sure that sewage is moved far enough 
from nearby houses. The question of 
how far the sewage lagoon should be 
from town and from neighboring farms 
is always a touchy item. Present la- 
goons are operating with no odor or 
very little odor and could be placed 
close to communities without causing 
a nuisance condition. 

Good practice dictates, however, that 
the lagoon should be at least 1% mi., 
and preferably 1 mi. from town, and at 
least 144 mi. from any adjacent farm 
building. Such locations preclude any 
possibility of contaminating private wa- 
ter supplies. Two North Dakota la- 
goons are within 300 yd. of the towns 
they serve. Both these locations have 
proved to be adequate and have caused 
no nuisance conditions. 
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Construction Methods 


In the construction of the lagoon, 
first the black dirt is removed from the 
lagoon area and the dike material is 
mounded up and compacted into a dike 
with an inside slope of about 4 to 1 
to prevent erosion from wave action. 
The top of the dike should be about 
8 to 10 ft. wide and about 3 ft. of free- 
board should be provided. An overflow 
should be provided either to an ad- 
jacent watercourse or to a secondary 
lagoon. 

Experience has shown that the sew- 
age should be discharged into the center 
of the lagoon slightly above the bottom 
elevation. In this manner wind action 
breaks up and distributes sewage sol- 
ids throughout the entire lagoon area 
and prevents them from piling up on 
the dikes, where they would become 
septic and create nuisance conditions. 
The dike area not covered by water 
should be seeded with grass and the 
entire lagoon area fenced. 

It appears that 3 to 5 ft. is the opti- 
mum water depth. This allows good 
mixing by wave action, which would 
not be obtained in deeper water, and 
is shallow enough so that light will 
penetrate the water and permit algae 
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growth. It is also deep enough to pre- 
vent difficulties from ice formations. 
Shallow marginal areas and emergent 
vegetation should be eliminated. La- 
goons can be of any shape to fit the 
contour of the land, although they 
should be designed to permit a maxi- 
mum of wind action. 


Maintenance 


To properly maintain a lagoon, two 
items should be considered. First, the 
weeds or grass on the dike should be 
mowed several times during the sum- 
mer season so as not to cut down wind 
action. Second, the dike must be in- 
spected for structural failures, bank 
rats, and other animals, which would 
tend to undermine and break down the 
dike structure. These items of main- 
tenance are indeed small when com- 
pared to the amount of work that must 
be done to operate the conventional 
type of sewage treatment plant. 


Maddock Results 


A number of tests have been made 
at the Maddock lagoon by State Health 
Department to determine the efficiency 
of the treatment taking place in a 


FIGURE 2.—This 10-acre sewage lagoon '/2 mi. from the Portland, N. Dak., city limits 
has operated successfully since 1950. 
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sewage lagoon. Samples of raw sew- 
age were collected, as well as samples 
of the water in an area 50 ft. from 
the edge of the dikes. The B.O.D. 
values of these samples (Table I) 
showed that even during the cold winter 
months the Maddock lagoon removed 
65 per cent of the sewage strength 
through the normal operation by bac- 
teria, algae, and dilution in the lagoon. 
This type of treatment is equivalent to 
that provided by many secondary 
treatment plants and is certainly ade- 
quate for the winter months. During 
the summer the Maddock lagoon con- 
sistently has shown a 95 per cent B.O.D. 
removal from the sewage. This is the 
equivalent of tertiary treatment and is 
equal to that of any type plant in 
North Dakota. 

The effluent water which could be 
discharged from this lagoon is of bet- 
ter quality than the water found in 
many of the sluggish, shallow streams 
of the state. Without exception, while 
sampling various lagoons during the 
spring, summer, and fall months, the 
dissolved oxygen content of lagoon wa- 
ters has been found to be above satu- 
ration values. This high oxygen con- 
tent is produced by the algae present 
in the lagoon and no doubt is the prin- 
cipal reason for the B.O.D. removal 
obtained and the lack of offensive odors 
that one might expect from ponded raw 


sewage. Typical data on six North 
Dakota lagoon installations are given 
in Table IT. 


Sludge Accumulation 


A question that always arises is one 
concerning how long it takes for the 
sewage solids to fill up the lagoon area. 
The Fessenden lagoon has been operat- 
ing for 24 years and shows no appreci- 
able decrease in capacity or efficiency 
of seepage rates. Imhoff and Fair (1) 
give the net volume of digested sludge 
produced per year per 1,000 popula- 
tion as 3,212 cu. ft. In a 10-acre la- 
goon, this will put down an annual 
layer of sludge 0.0074 ft. thick, or it 
will require 135 years to build up a 
1-ft. layer of sludge in the bottom of 
the lagoon. 

The only conclusion that can be 
drawn from these calculations is that 
no sludge removal apparatus will be 
needed. No advantage has been noted 
in preceding the lagoon with primary 
treatment; in fact, lagoons receiving 
raw sewage operate as well or better 
than those receiving primary effluent. 
Therefore, the additional cost of pri- 
mary treatment does not seem war- 
ranted. 

After the lagoon has been in opera- 
tion a few years, the dikes become cov- 
ered with vegetation and the water in 


TABLE I.—Lagoon Treatment Results at Maddock, N. Dak. 
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Air 
Date Temp. Sampling Point 


(°F.) 


B.O.D. D.O | 
(p.p.m (p.p.m.)} 


Remarks 


Jan. 8, 1952 —4.6 Influent 

Over inlet! 

50 ft. from dike? 
Apr. 2, 1952 35.7 Influent 

Over inlet? 

50 ft. from dike? 
May 15, 1952 Influent 

50 ft. from dike? 
June 19, 1952 86 Influent 

50 ft. from dike? 
July 9, 1952 91 Influent 

50 ft. from dike? 


| 364 ; Ice covered and 
154 . snow covered. 
31 
383 R Ice rotting, large 
130 5. open area in 
134 65.0 center. 
393 ; — | Open water. 
24 93.8 
402 
18 9. 95.5 
379 
20 . 94.8 


Open water. 


Open water. 


13 ft. below surface. 


22 ft. below surface. 
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TABLE II.—Data on Six North Dakota Lagoon Installations 


685 

1,050! 

70,000 

263 

ft.) 1 

Influent discharge point | Center 
Other influents | 


Population served 

Pop. equiv. ind. wastes 
Approx. sewage flow (g.p.d.) 
agoon area, total (acres) 

Lagoon depth* (ft 


B.O.D. loading (lb./acre) 
Discharge from lagoon 

Av. annual rainfall (in.) 

Est. annual evap. loss (g.p.d.) 
Est. av g.p.d.) 
Est. av. seepage rate (in. ‘day) 
Operation 


seepage loss 


‘Creamery. 

2 Four creameries. 

Three lage ONS. 

‘ Including freeboard. 


the lagoon becomes rich in plant and 
animal life of all types. Water fowl 
and shore birds find abundant food 
supplies in and around the lagoon. 
One observer has noted that the sewage 
lagoon becomes a very fine wildlife 
habitat. He estimated that in the vicin- 
ity of the 10-acre Maddock lagoon he 
saw 1,000 birds. Because of the rich 
food supply found in and about the 
lagoon, the birds are attracted to the 
area and choose this in preference to 
a natural pothole where the food sup- 
ply is much more limited. <A  well- 
planned and well-maintained lagoon to 
all appearances looks like a very pleas- 
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| Maddock} Larimore 


Center 


WASTES June, 1954 


Butte | Wishek | Portland| Beach 


1,230 500 
690! 
34,000 


1,095 

2,090 240 

76,500 77,000 

10 i 7.5 10 16 

8 | 8 8 8 

5 5 
Center 

Storm water 


1,500 
100 
150,000 


7 1 5 
Center Center Center 
| Storm and 
ground water 
28.6 


Interm 


17 
2,340 
33,660 
V.11 


Satis 


First lagoon. 
® Based on first lagoon only. 
7 Tee covered during about 4 months of each year 


ant body of water. The observer can 
walk around the dikes without noticing 
any nuisance condition, and certainly 
would not recognize the area as being 
fed by raw sewage. 

The North Dakota State Department 
of Health believes that the lagoon 
method is the answer to many prob- 
lems of adequate sewage disposal and 
that it provides a cheap and satisfac- 
tory method of solving the waste dis 
posal problem faced by so many com- 
munities. 

Reference 


1. Imhoff, K., and Fair, G. 
Treatment.’’ 


M., ‘‘Sewage 


Item 

|} 43.46 | 83 23.4 

| None None | None 

18 20 | 15 

13,400" 13,400 42,880 

40,0008 | 63,140 130,036 

0.14% | 0.23 03 

Satis Satis Satis Satis Satis 

> 
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Industrial Wastes 


One major problem of the atomic in- 
dustry is that of laundering and laun- 
dry waste disposal. Whereas in the 
domestic laundry it is only necessary 
to process soiled articles so that they 
appear clean, in the radioisotope decon- 
tamination laundry, radioactive trace 
elements must be completely removed 
from the goods. A variety of complex- 
ing, chelating, oxidizing, and surface 
depressing agents are used to remove 
water-soluble and water-insoluble, 
radioactive, particulate matter from 
clothing. Accordingly, the laundry 
effluents from radioactive decontamina- 
tion laundries contain not only a va- 
riety of radioactive isotopes, but also 
a relatively large amount of complex 
materials which may also act as stream 
pollutants. 

The principal agents which have 
been used, with varying degrees of 
success, in the laundering of radio- 
active-contaminated clothing are: yel- 
low soap; organic complexing agents, 
such as citrate; organic chelating 
agents, such as Versene; and nonionic 
detergents, as exemplified by Igepal. 
These washing agents all produce a 
final laundry effluent of great complex- 
ity. The resulting radioactive, con- 
taminated, and highly variable wastes 
exhibit varying degrees of turbidity, 
acidity, alkalinity, and putrescibility. 
Wastes containing citrate, Versene, 
Igepal, Tide, Rinso, and six radioactive 
isotopes have been investigdted to de- 
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termine the possibility of stabilizing 
the organic matter and concentrating 
the radioactivity. It was found that 
citrate was readily utilized by bacteria 
and yeast, whereas Versene displayed 
some slime-destroying properties. Ige- 
pal exhibited little effect upon the 
slimes, whereas Tide and Rinso ex- 
hibited marked effects. Organisms, in 
an agitated batch process where the 
pH became alkaline because of meta- 
bolic processes, attained maximum per- 
centage removals following 24 to 48 hr. 
of agitation and subsequent centrifuga. 
tion. The percentage removals were 99 
for Sr®®, 95 for P**, 85 for Ce'*4, 10 for 
7 for Cs™4, and 5 for Ru’. 


Experimental Technique 


Preliminary biological data on each 
synthetic laundry waste were obtained 
by growing organisms in agitated solu- 
tions. The equipment used consisted 
of cotton-stoppered Ehrlenmeyer flasks 
clamped to the arms of a shaking ma- 
chine. Advantages in using the agi- 
tation flask system were as follows: 


1. The growth cycle of a microbic 
culture could be studied through means 
of turbidity measurements. 

2. The time required to establish 
maximum turbidity in a batch process 
could be used as a measure of avail- 
ability and comparative toxicity of a 
liquid medium. 


i 
vf 

3 
; 
: 
» 
ay 

> 

‘ 
= 

\ 
=, 


SEWAGE AND INDUSTRIAL WASTES 


June, 1954 


T i 


Nutrient, +8000 
PPM Citrate, 
5- pH = 7.0 


om Same, 4000 
PPM. Citrate, 
pH = 70 


-4- 


Turbidity in PPM. x !000 


it 


- 


T 


Nutrient, 2000 
PPM. Citrate, 
pH = 70 

o——« Same, 500 
PPM. Citrate, 
pH = 70 


@----- Nutrient, pH=70 


Time 


4 5 6 7 


in Days 


@ 
oO 
c 
2 
c 
oO 
& 


if 


Time in Days 
FIGURE 1.—Adsorption of I on biological systems. 


3. The uptake of radioactive isotopes 
by cells could be measured under vary- 
ing conditions imposed by different 
wastes and metabolic processes. 

4. The process was a rapid method 
of assaying conditions of growth. 


The bacterial growths were measured 
by determining the optical properties 
of the suspension—the more organisms 
in suspension, the higher the measured 
turbidity. This type of measurement 
was relatively fast and easy to per- 
form and provided information having 
sufficient accuracy for this investiga- 
tion. The optical density measure- 
ments were made with a colorimeter 
(Lumetron, Model 450) using a No. 


TABLE I. 


-Nutrient Materials 


Quantity 


Material (g.)! 


Peptone 
Meat extract 
Urea 19.8 
Disodium hydrogen phosphate 19.8% 
Sodium chloride 5.9 
Potassium chloride 2.7 
Calcium chloride 2.7 
Magnesium sulfate 2.0 
Total phosphorus 

Total nitrogen (Kjeldahl) 


117.5 
78.5? 


1 Grams in 5 gal. of water. 

2 Analysis showed 1.5 g. P. 

’ Computed as 8.9 g. P. 

‘ Analysis of tap water showed only 0.1 g. 
per ml. 

5 Analysis on representive sample. 
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420 blue filter and 150-mm. liquid 
depth in the measuring tube. Different 
observed optical densities were con- 
verted into p.p.m. of turbidity by using 
a special standard curve, in which opti- 
cal density was plotted against p.p.m. 
of turbidity. 

Control of waste quality was ob- 
tained by using a synthetic nutrient 
(1) whose composition is shown in 
Table I. The advantage in using this 
synthetie stock preparation was that it 
eliminated the uncertainty and varia- 
bility in quality which would have ac- 
companied the use of domestic sewage 
as a nutrient. The stock solution was 
diluted to a strength comparable to 
that of an average domestie sewage. 
The standard nutrient solution used 
throughout the experiment had a 5- 
day, 20° C., B.O.D. of about 250 p.p.m. 
and contained 90 p.p.m. of total nitro- 
gen and 27 p.p.m. of total phosphorus. 
Various radioactive isotopes and de- 
tergents were then added to these nu- 
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trient solutions. After the mixtures 
were seeded, the solutions were agi- 
tated and turbidity measurements 
were made periodically to determine 
the rate of growth of organisms. 


Growth Patterns of Microorganisms 


Typical turbidity of growth patterns 
of microorganisms for various environ- 
mental conditions are shown in Figures 
1 through 8. These patterns show the 
effects of various laundering aids. Nu- 
trient and citrate apparently had 
about the same ability to stimulate 
growth of microorganisms. When con- 
centrations of nutrient and citrate 
were agitated for several days with an 
initial pH of 7.0, the only difference 
in the growth curves were the increased 
growing phases and maximum turbidi- 
ties registered by higher concentrations 
of citrate. Figure 1 shows typical nu- 
trient and citrate effects on biological 
growth rates. The nutrient, which in 
this case had a B.O.D. of about 200 


Nutrient + 


© oo 2000 PPM. Citrate + |OOO PPM. Igepal 
Sal 2 o@e----0 2000 PPM. Citrate + 500 PPM. Igepal 
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x @ 2000 PPM. Citrate + 10 PPM. Igepal 
= 
a 2} 
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FIGURE 2.—Adsorption of Sr® in cell matrix. 
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p.p.m., attained a maximum turbidity 
of about 750 p.p.m. This peak turbidity 
occurred on the second day of agitation. 
When the same nutrient solution con- 
tained amounts of citrate ranging from 
500 to 8,000 p.p.m., the maximum 
turbidities rose from 1,400 to 5,200 
p.p.m. The growth curves exhibited 
the same pattern for all concentrations 
of citrate, although higher concentra- 
tions prolonged the period of maximum 
growth. 

As shown in Figure 2, Igepal in 
concentrations of 10 to 1,000 p.p.m. had 
no appreciable effect on the growth 
characteristics of organisms grown in 
agitation flasks. When concentrations 
of Igepal from 10 to 1,000 p.p.m. were 
used with synthetic nutrient plus 2,000 
p.p.m. citrate, under a variety of other 
conditions (Figure 2), the Igepal still 
had no effect on the rate and amount 
of growth. 


Other materials added to nutrient 01 
citrate solutions (that is, Rinso, Tide, 
stable phosphorus, and ammonia) pro- 
duced some effects but did not change 
the general characteristic features of 
the growth curve. Tide and Rinso 
both caused higher turbidities, which 
in the case of Rinso were primarily due 
to precipitation of calcium and mag- 
nesium soap compounds (see Figures 
4 and 5). Phosphorus and ammonia, 
as compared with citrate, increased the 
magnitude and the duration of the 
growth (Figure 6). 

Yeast cultures, which developed in 
citrate solutions to which ecitrie acid 
had been added to give an initial low 
pH, also displayed typical growth pat- 
terns. High turbidities caused by 
yeasts remained near the maximum 
turbidity over a longer span of time 
than turbidities caused by bacterial 
cultures. Maximum turbidities of 
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about 3,000 p.p.m. and 7,500 p.p.m. 
(Figure 7) occurred on the seventh 
day of agitation when the solutions in- 
itially contained 2,000 p.p.m. and 
4,000 p.p.m. of citrate at pH’s of 2.8 
and 2.4, respectively. 


Detention of Isotopes by Cells 


The term ‘‘detention’’ is used be- 
cause radioisotopes taken from solution 
by living organisms are often returned 
to solution when the living material 
dies and decays. Furthermore, the 
radioactive atoms are not removed or 
changed in the same sense that chemi- 
eal compounds, like the carbohydrates, 
are changed. The term ‘‘detention’’ 
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is, however, most appropriately used 
in connection with continuously fed 
biological treatment devices, such as 
trickling filters, where all the atoms 
which enter the device must ultimately 
pass out of it. Although such devices 
do not permanently remove atoms, they 
may detain the radioisotopes for a suffi- 
cient time to permit a significant ex- 
haustion of the radioactivity, or, of 
course, they may tie up the radioactive 
elements in insoluble materials that can 
be removed from the liquid by sedi- 
mentation or filtration. 

In the preliminary batch experi- 
ments reported here, the terms ‘‘up- 
take’’ and ‘‘removal’’ are used to in- 


19,300 


= 
= 
a 
a 
£ 

> 
= 
2 
2 

5 
= 


es 


o———o Nutrient, +2000 PPM. Citrate, 
1000 PPM. Rinso, pH= 70 


o------0 Same Except 10 PPM. Rinso 


o—— Nutrient, +2000 PPM. Citrate, 
pH =70 


Time 
1 q 


Percent P®2 Remaining in Cells 


in Days 
1 


Time in Days 
FIGURE 4.—Metabolism of P”. 


: T T 

8 

A 

‘ 

BO r 

4 

b 

Q 

20 

My, 

oO 23 45 67869 ON 28 


SEWAGE AND INDUSTRIAL WASTES 


June, 1954 


T 


in PPM. x 1000 


Turbidity 


o————-o Nutrient, +2000 PPM. Citrate, 
+1000 


Same Except 10 PPM. Tide 
utrient, +2000 PPM. Citrate, 


PPM. Tide, pH = 70 


70 


= 


A 


1 1 


2 
£ 
o 
Qa 
é 


Time in 


Days 
T T T T T T T 


Time in Days 
FIGURE 5.—Metabolism of P”. 


dicate the reduction in radioactivity of 
the residue after evaporation of the 
liquid following agitation of the seeded 
waste for stated times and centrifuga- 
tion. 

The isotopes I'*1, P82, Sr8*, 
Cs'**, and were initially added 
to various solutions and the amount of 
each isotope removed by bacteria and 
yeast was determined. A comparison 
was made between the uptake of radio- 
activity and the growth characteristics 
of organisms living under different en- 
vironmental conditions. The results of 
removal studies are summarized herein- 
after and are expressed in per cent of 
radioactivity removed from solution. 


Detention 


Difference in type of synthetic 
laundry waste did not influence the 
uptake of I'**. The wastes used in the 
I'*! experiments were Igepal, citrate, 
and Igepal-citrate combinations with 
nutrient at an initial pH of 7.0. There 
was no significant I’** uptake at any 
time, even though typical biological 
growth curves were obtained (Figure 
1). 


P®2 Detention 


The uptake of P*? by viable bac- 
teria or yeast and the release of P** 
by cell debris followed a pattern very 
similar to the increase and decrease of 
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turbidity in the agitated solutions. 
Specific examples are presented in Fig- 
ures 4 to 8 inclusive. 

Variable amounts of P* were re- 
moved by organisms which had been 
fed various synthetic laundry waste 
preparations containing 27 p.p.m. of 
stable phosphorus. The maximum re- 
moval of P** (Figure 7), occurred in 
the presence of a nutrient and citrate 
solution. The maximum removal of 
P**, by bacteria in a solution which 
initially contained 2,000 and 4,000 
p.p.m. of citrate at a pH of 7.0, was 
about 90 and 95 per cent, respectively. 
When an identical solution had an in- 
itial pH of 2.8 or 2.4, the amount of 
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P*? removed by yeast was about 98 per 
cent. Yeast thus removed a greater 
amount of P**? and detained it for a 
longer period of time than did bacteria. 
Furthermore, bacterial cells, as noted in 
Figure 7, detained only 3 per cent of 
the available P** after 13 days of agi- 
tation, whereas the yeast cells detained 
about 50 per cent. The pH in both 
cases was increased to about 9 after pro- 
longed agitation. In another solution, 
which initially contained 1,000 p.p.m. 
of Igepal and 2,000 p.p.m. of citrate 
at pH of 7.0, bacteria removed a maxi- 
mum of about 80 per cent of the avail- 
able P**, Although 1,000 p.p.m. of 
Igepal reduced the uptake of P*? about 
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10 per cent, a solution which contained Bacteria, in solutions which con- 


10 p.p.m. of Igepal showed no dele- 
terious effects (Figure 8). In contrast, 
initial concentrations of 10 p.p.m. of 
Tide or Rinso in nutrient solutions at 
a pH of 7.0 decreased the P** removal 
about 10 per cent. Approximately 45 
per cent of the P*? was removed from 
solutions containing 1,000 p.p.m. of 
Tide or Rinso in 2,000 p.p.m. of citrate 
at a pH of 7.0 (see Figures 4 and 5). 
All of the experimental evidence ob- 
tained on the uptake and release of 
P*?, except in cases when stable phos- 
phorus was in excess, indicated that 
there was a direct correlation between 
the biological activity and the amount 
of P*? removed from solution. 


tained added stable phosphorus, ob- 
viously did not remove an appreciable 
amount of P**. Only 10 per cent of 
the P** was removed from solution con- 
taining 4,000 p.p.m. citrate and 5,000 
p.p.m. phosphorus, whereas about 90 
per cent was removed from a solution 
containing 2,000 p.p.m. citrate and 27 
p.p.m. phosphorus. Likewise, bacteria 
—in a solution which initially con- 
tained 200 p.p.m. phosphorus, 5,800 
p.p.m. ammonia, and 4,000 p.p.m. ei- 
trate—removed only 5 per cent of the 
P*2, even though the turbidity due to 
organisms remained high for several 
days. 
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Sr®* Detention 


The mechanisms of Sr** removal and 
detention were different from those 
operative in the detention of P**, al- 
though per cent removals under some 
conditions were similar. Sr*® in the 
form of an ion or complex was appar- 
ently adsorbed into the cell structure ; 
growing bacteria, under slightly alka- 
line conditions, were necessary for high 
removals of Sr**. In Sr*® detention 
the pH had to be slightly alkaline at 
the beginning of the test and had to 
remain alkaline during the growing 
phase. Sr*® uptake likewise differed 
from P** uptake in that stable Sr did 
not appear to be a limiting factor. 

Sr*®® was readily removed by organ- 
isms growing in solutions of citrate, 
Igepal, and stable strontium; but it 
was not removed as thoroughly when 
the organisms were grown in solutions 
containing either citrate at a low pH, 
or Tide and Rinso at a pH of 7.0. 


When a solution initially contained 
2,000 p.p.m. of citrate at a pH of 7.0, 
about 90 per cent of the Sr*®® was re- 
moved by bacteria after one day of 


agitation. As the pH increased, the 
removal rose almost to 100 per cent 
and remained at that level for as long 
as the experiment was continued, 15 
days or more. These high Sr*® re- 
movals are shown in Figure 3. Various 
concentrations of Igepal and citrate at 
a pH of 7.0 produced no difference in 
the amount of Sr®* removed. as com- 
pared with citrate alone (see Figure 
2). Stable strontium delayed the time 
of maximum Sr** uptake one day, but 
the delay was probably due to a chemi- 
eal concentration effect rather than a 
direct biological effect. In solutions in- 
volving low initial pH’s, the maximum 
amount of Sr*® removed was only about 
10 per cent. These solutions initially 
contained 2,000 p.p.m. citric acid, as 
citrate, at a pH of 2.8. It is important 
to note that the pH was acidie only 
during the growing stages and meta- 
bolie processes eventually raised the 
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pH to at least 8.0. Rinso and Tide 
showed some antagonistic tendencies 
toward Sr*® removal. The gradual up- 
take of Sr®*, in a citrate solution in- 
itially containing 10 p.p.m. of Rinso 
or Tide at a pH of 7.0, reached 80 per 
cent after 17 days of agitation. These 
detergent solutions also appeared to 
provide a longer growing period for 
bacteria; consequently, the uptake of 
Sr*® was continued over a longer pe- 
riod. The two outstanding factors 
which determined the amount of Sr*® 
removed from solution by _ bacteria 
were the age of cells and the amount 
of alkalinity. 

Critical experiments showed also 
that growing organisms were required 
to remove relatively large amounts of 
from solution when the plIl was 
less than 8.5. In these experiments, 
different but typical laundry waste so- 
lutions were agitated for three days 
prior to the addition of Sr**. The 3- 
day agitation period thus extended one 
day past the occurrence of maximum 
turbidity or growth. After the 20 hr. of 
additional agitation with the Sr*’, how- 
ever, the uptake of Sr*® by organisms 
or cell debris was less than 5 per cent. 

Desorption of Sr*®* from cells and 
cell debris was investigated by washing 
centrifuged cells with water that had 
pH’s of 7.0 and 2.4. In the desorption 
of radioactivity from these organisms, 
the centrifuged cells were first washed 
with 5 ml. of distilled water at a pH 
of 7.0, then recentrifuged and the 
supernatant counted for radioactivity. 
This was followed by a second washing 
with another 5 ml. of solution having 
a pH of 2.4. The mixture was re- 
centrifuged and the supernatant again 
counted. Sr*® was partially desorbed 
from some organisms when washed with 
water having a pH of 7.0. The organ- 
isms which released Sr*® were those 
yeasts and bacteria which had grown 
in a solution initially containing either 
citrate (initial pH of 2.8), Tide, or 
Rinso. The yeast, which was adapted 
to a low pH, released 61 per cent of 
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the adsorbed Sr*’; the bacteria, which 
were adapted to either Tide or Rinso, 
released 19 and 16 per cent, respec- 
tively. On the other hand, bacteria 
which had grown in a solution initially 
containing either citrate or citrate- 
Ivepal at a pH of 7.0 released less than 
5 per cent of the adsorbed Sr*® when 
washed with a neutral solution. When 
the different samples were washed with 
an acidic solution (pH 2.4), however, 
all cells released some Sr*’. Cells which 
previously released large amounts of 
Sr®® retained negligible amounts of 
Sr®® after the second washing. Other 
cells, which had released little Sr*® 
with a distilled water wash, released 22 
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to 64 per cent of Sr** when washed with 
an acid solution. 


(Ce'** Detention 


Survey experiments were undertaken 
with Ce***, Cs***. and 

The removal of Ce'** by bacteria was 
similar to that of Sr*®, except that 
alkaline pll’s were not required. It 
was found that 82 per cent of the Ce** 
was adsorbed on bacteria after the first 
day of agitation and a maximum of 
about 85 per cent was detained on sub- 
sequent samples. The agitated solution, 
at a pH of 7.0, initially contained 500 
p.p.m. of citrate and 125 p.p.m. of 
Igepal. Although the uptake of Ce’ 
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was not quite as high as that of Sr**, 
the detentative characteristics were the 
same. Ce'** was not released to the 
solution by cell debris as was the case 
with phosphorus. 


Detention 


Less than 7 per cent of the Cs'** was 
removed from the solution by bacterial 
cells. The solution was similar to that 
used in the cerium experiments. 


Detention 


Less than 5 per cent of the Ru’®* was 
removed by bacterial cells. This solu- 
tion also was similar to that used in 
the cerium experiments. 


Discussion 


The exploratory experiments re- 
ported here revealed that various laun- 
dering aids affected the organisms dif- 
ferently. Citrate was readily utilized 
by organisms, and the organisms were 
adaptable to a wide range of pH. In 
all cases an acclimated growth was de- 
veloped which followed typical growth 
patterns. 

A principal point uncovered by these 
experiments was that the removal of 
high percentages of radioactive isotopes 
by bacterial substances occurred dur- 
ing the growing phase. Empirical data 
showed a definite relationship between 
radioactivity detention and chemical 
processes connected with the biological 
life cycle. The predominant mecha- 
nisms by which a particular radioactive 
isotope may be detained are discussed 
subsequently. 

When the amount of phosphorus is 
the limiting environmental factor, 
virtually all the phosphorus will be re- 
moved. If P** is present under these 
limiting conditions almost all the radio- 
activity initially present will be re- 
moved from solution. On the other 
hand, if phosphorus is not limiting, the 
amount of P*®* removed will depend 
upon the percentage of phosphorus 
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utilized by the growing organisms. For 
example, when 27 p.p.m. of stable 
phosphorus and 1.5 x 10° p.p.m. of 
P*? were used, about 95 per cent of the 
P** was removed from solution. When 
5,000 p.p.m. stable phosphorus was 
added, however, only 5 per cent of the 
P** was taken up by bacteria. Never- 
theless, as shown by the experimental 
results, whenever death and lysis was a 
predominant factor the P* once again 
appeared in the supernatant of cen- 
trifuged samples. When additional nu- 
trient was added to a solution in which 
the nutrient had been depleted and P* 
was being released into solution, the 
new environmental conditions caused 
abundant growth, but very little P* 
seemed to be re-utilized by the bac- 
teria. This anomaly was interpreted 
as follows. While the new growth 
phase was continued in the old environ- 
ment, the old cells continued to release 
inorganic phosphorus, and the result- 
ing release of P** masked the pick-up 
of P*? by the new cells. These P* ex- 
periments indicated that with wastes 
deficient in phosphorus, continued 
phosphate fertilization of a trickling 
filter might not be necessary and would 
certainly not be desirable from the 
point of view of P** removal. Initial 
slime-growing phases might require the 
addition of some phosphates. After 
having reached equilibrium conditions, 
however, the phosphate budget in a fil- 
ter might be partially self-sustaining. 
Accordingly, with a solution in which 
phosphorus was limiting, the only large 
loss of phosphorus would occur when 
viable cells were washed out of a trick- 
ling filter. 

The mechanism of Sr*® removal from 
solution by bacteria was different from 
that exhibited by P**. The major dif- 
ference in the two isotopes from the 
radioactivity point of view was that 
there was no release of Sr*® after lysis 
became evident. The following be- 
havior was observed when studying the 
removal of Sr*: 
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1. Sr*® removal from liquid to the 
biological cells was a function of pH. 

2. Viable biological cells had to be 
present at the correct pH conditions be- 
fore the Sr** was removed from solu- 
tion. 

3. Optimum alkaline pH conditions 
in the presence of cell debris was not 
alone adequate for Sr*® removal. 

4. Concentrations of carrier up to 
1,000 p.p.m. did not adversely affect the 
removal of Sr*® from solution. 

5. Desorption of Sr** from bacterial 
and yeast cells which contained only a 
small amount of Sr*® because of low pH 
during the growing phase was com- 
plete after being washed with distilled 
water. 

6. Desorption of Sr*® from bacterial 
cells grown under slightly alkaline con- 
ditions and containing large amounts 
of Sr*® was only 4 and 50 per cent com- 
plete after being washed in a solution 
having a pH of 7 and 2.4. respectively. 


The formation of insoluble strontium 
earbonate may have occurred at high 
pH’s. However, this should account 
for less than 5 per cent of Sr*® removal 
on the basis of the carbonate to bi- 
carbonate equilibrium constant, as 
checked by experimental data (2). The 
removal of Sr*® by bacterial cells at a 
pH of 8.0 was better than 95 per cent. 
The greatest rate of strontium removal 
occurred when the cells were growing 
and the alkalinity was high enough for 
various polysaccharide complexes to be 
insoluble (3) (4). 

The experiments failed to show a cor- 
relation between biological growth and 
I'*t removal. A maximum of only 12 
per cent was unaccounted for in the 
centrifuged supernatant, and this re- 
moval took place at various periods in 
the different experiments. The I'** 


used was carrier free so that there was 
no competition with like ions, except 
possible exchange with some chlorides. 
In these experiments the iodide ion did 
not become attached to viable bacteria 
although 


in significant quantities, 
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iodides may have combined with some 
organie debris. 

The removal of Ce'* by organisms 
was probably due to the formation of 
insoluble compounds which precipi- 
tated and were caught in the jelly-like 
masses of the biological growths. 
Cerium compounds which are relatively 
insoluble in cold water include cerium 
(ous) citrate, cerium (ous) or (ic) 
oxide, and cerium (ous) ortho-phos- 
phate. Cerium (ous) carbonate is only 
very slightly soluble in cold water. 

One reason, perhaps, for the fact 
that bacteria showed no affinity for 
eesium or its compounds was that 
cesium does not form inorganie com- 
pounds which are insoluble. The alkali 
metals, of which cesium is one, ionize 
more readily than other elements, and 
are correspondingly reluctant to form 
covalent complexes of any kind, includ- 
ing compounds. The complexes they do 
form may be divided into those of the 
ion and of neutral atoms. It is prob- 
ably due to cesium’s ability to ionize 
that the exchange properties of clay 
are so effective in removing Cs‘, 
whereas bacterial cells are ineffective. 

It seems improbable that Ru'* would 
be adsorbed or detained by biological 
slimes. Ruthenium forms nine different 
valencies, all from zero (in the ear- 
bonyl) to the group valency of 8 (in 
the tetroxide)(6). This multivalence 
ability of ruthenium indicates that 
much difficulty might be experienced 
in removing ruthenium while the en- 
vironmental conditions are changing. 
Better removal might be effected with 
its daughter product, Rh’; but Ru’ 
has a half-life of one year. 


Summary and Conclusions 


The removal of contaminants in 
laundry wastes containing radioactive 
trace elements was studied by growing 
organisms in agitated solutions. Data 
presented show the effects of different 
concentrations of complexing and 
chelating agents, radioactive isotopes, 
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and microorganisms. On the basis of 
these data the following conclusions 
were reached: 


1. Turbidity patterns, which resulted 
from bacteria and yeast utilizing a 
fixed amount of nutrient or waste in 
the agitation flask method, represented 
the population density during various 
phases of the growth cycle. 

2. Acclimated yeast, when the initial 


phosphorus content was about 27 
p.p.m., removed slightly more P* 
(about 98 per cent) than bacteria 
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Stream Pollution 


FUNGI IN POLLUTED WATER AND SEWAGE 


III. Fungi in a Small Polluted Stream 


By Won. BrinGE CooKE 


Mycologist, Bacteriology Section, Environmental Health Center, 
U. S. Public Health Service, Cincinnati, Ohio 


Lytle Creek, Clinton Co., Ohio, was 
chosen for the study of the effects of 
pollution on the fungus growth of a 
stream which received the effluent from 
a primary-type sewage treatment plant 
serving a community of less than 10,000 
people. The stream had received con- 
siderable attention from the Biology 
Section, Environmental Health Center, 
from the point of view of plankton 
organisms, invertebrates, and fish popu 
lations. In their studies the Biology 
Section set up eight permanent stations 
on the stream based on availability and 
the characteristics of the bed in rela- 
tion to the septic zone, the zones of 
degradation, the zones of recovery, and 
the clean zones above and below the 
sewage effluent. The stations are desig- 
nated in terms of miles from the mouth 
of the stream and are described by 
Gaufin and Tarzwell (1). 

In 1951 Harvey (2) studied the 
aquatic fungi of the stream. He found 
a species of Dictyuchus abundant in 
two stations in the clean-water zone, 
and Aphanomyces levis (?) abundant 
in two stations of the septic zone and 
one station in the zone of recovery. 
Several other species were found on oe- 
easion in some of the stations in the 
three zones. 

Technique 


From the spring of 1952 through the 
spring of 1953 the author sampled the 
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stream at monthly intervals and used 
soil mold isolation techniques in de- 
veloping the mold populations of the 
stream. At each of the eight stations 
four samples were obtained. These in- 
cluded free-running water the 
stream, water and sediment in pools, 
water and sediment in riffles, and bank 
soil subject to occasional flooding be- 
cause of excessive runoff after rains 
and always saturated with water. 

Based on average dry weights of 
paired samples, taken at the May and 
June samplings, at the eight stations, 
the corrected average dry weights of 
these samples were: 


Water 

Water and sediment in pool 
Water and sediment in riffle 
Bank soil, saturated 


0.6 per cent 
60.0 per cent 
60.0 per cent 
80.0 per cent 


Material was plated out using tech- 
niques described in Part II of this 
series (3) with a medium of the fol- 
lowing composition : 


Dextrose 
Phytone 
KH.PO, 
MgSO, 
Agar 

Water 

Rose bengal 
Aureomycin 


1000.0 ml. 
0.035 g. 
35.0 ug. /ml. 


During the first three-quarters of the 
work, peptone was used instead of phy- 


tone and streptomycin was used instead 
of aureomycin. 


ee 

: 

5 

SY 

10.0 g. 
5.0 g. 
1.0 g. 
0.5 g. 
‘ 
; 
= 


Vol. 26, No. 6 


Habitat Factors 


Krom September, 1952, through 
March, 1953, the pH of the samples 
brought to the laboratory was deter- 
mined with a pH meter. The pH range 
for this series was as follows: 


Sample Range 
Water 7.5-8.1 
Water and sediment, pool 7.1-7.5 
Water and sediment, riffle 7.1-7.8 
Bank soil, saturated 7.5-8.0 


Dissolved oxygen varies throughout 
the year in the stream, as indicated by 
Gaufin and Tarzwell (1). Although it 
may not have been completely repre- 
sentative of the entire period of time 
during which the fungus studies were 
carried out, the results of a 24-hr. study 
on dissolved oxygen in the stream may 
be of interest (Table I). 

To obtain the temperature of the 
material sampled, laboratory thermom- 
eters were used as ‘‘stab’’ thermometers 
and inserted 2 to 4 em. in the sub- 
stratum or placed in the water. At the 
completion of sampling the tempera- 
tures were recorded. This allowed a 
lag of 5 to 10 min. for the thermometer 
to become adapted to the area being 
sampled. Temperatures were taken 
during the September through March 
sampling periods. Sewage outfall tem- 
peratures were generally higher than 


TABLE I.—Results of 24-Hr. Study' of 
D.O. in Lytle Creek 


Diss. Oxygen 
(p.p.m.) 
Station 

Max Min. 
1.0 9.6 5.3 
2.8 14.7 3.2 
4.2 5.5 2.0 
5.2 6.9 0.2 
6.5 0.8 0.0 
7.2% 0.0 0.0 
7.6 8.8 5.1 
8.7 13.9 4.5 


1 Between 9:00 am Aug. 22 and 8:00 am 
Aug. 23, 1951. 
2 Outfall location. 
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TABLE II.—Lytle Creek Temperatures for 
Various Sampling Dates 


Temperature (°C.) 


Sta | Sta Sta. | Sta. Sta 

87 | 7.6 7.21) 6.5 | 1.0 
Sept. 18, 1952 18.0 | 18.0 | 21.5 | 19.0 | 18.0 
Oct. 23, 1952 4.5| 45/17.0| 85| 4.0 


Jan. 14, 1953 4.5) 4.5) 9.0 6.5) 3.5 
Feb. 25, 1953 3.0) 3.0| 7.5) 50] 2.5 
Mar. 30, 1953 8.0) 8.0)11.0) 9.5] 8.0 

| 


' Outfall location. 


the other temperatures and affected the 
temperature of the water downstream 
for considerable distances. Tempera- 
tures are reported in Table II for five 
of the stations measured. 


Results 


One hundred five species of molds 
were found throughout the 12 month 
period of the study. Of these, 32 
species were found in all eight stations, 
4 in 7 stations, 6 in 6 stations, 2 in 5 
stations, 4 in 4 stations, 15 in 3 sta- 
tions, 16 in 2 stations, and 26 in only 
one station. Of the 57 species found 
in only 38, 2, or 1 station, only one 
species was found in as many as 7 of 
the 32 habitats sampled. Twenty-six 
species were found only once at a 
single station. 

Seasonally, most species were more 
frequent in the cooler parts of the year; 
fewer species and colonies were found 
in the summer months between July 
and September. 

On the basis of the 12-month survey 
it is indicated that certain species can 
tolerate the presence of pollution and 
low amounts of dissolved oxygen bet- 
ter than others and better than had 
previously been supposed. This is also 
true of the ability of many species of 
non-aquatic fungi in their ability to 
exist in an aqueous habitat. The six 
species which exhibit a constancy value 
of 12 on the basis of monthly sampling 
also exhibit a constancy value of 8 on 
the basis of appearance in all 8 sta- 
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TABLE III.—Occurrence of Mold Species in Lytle Creek Habitats 


Aspergillus fumigatus 
Geotrichum candidum 
Penicillium funiculosum 
Penicillium lilacinum 
Penicillium ochrochloron 
Trichoderma viride 
indicates species found in at least one 

each of the 12 samplings. 

2 Outfall location. 


tions, and 32, 31, or 29 on the basis 
of occurrence in the 32 habitats sam- 
pled. Table IIT summarizes these data. 

Aspergillus fumigatus is a common 
mold of world-wide distribution 
which is also an etiologic agent of 
aspergillosis in man and animals. 
Geotrichum candidum an exceed- 
ingly common mold found as a con- 
taminant in milk processing, in labora- 
tories, in cheese manufacture, and in 

The three species of Penicillium 
widespread soil molds. Tricho- 
derma viride is a widespread mold of 
soils, decaying plant materials, and 
similar habitats, with a high degree of 
cellulolytic ability and some of whose 


soil 


is 


soils. 


are 


of the 12 


June, 1954 


Occurrence ! 


months ; indicates species found in 


strains 
toxin. 

A comparison of 
counts 


produce the antibiotic glio- 
the total colony 
for each station at each sam- 
pling period indicates that molds are 
generally inhibited at or just below 
the point of outfall in warm seasons, 
but not noticeably so in cooler seasons 
when the pollution blanket extends 
downstream much farther than in 
warmer seasons. Table IV gives the 
average number of colonies isolated 
from the four habitats in each station 
per gram dry weight of sample. 

That the number of species present 
in the stream throughout the year is 
not always strongly affected by pollu- 


No. Colonies 


10,000, 'g. dry v 


| 
| 
| 


Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 

Nov. 
Jan. 

Feb. 
Mar. 


, 1952 
, 1952 
5, 1952 
1952 
, 1952 
1952 
1952 
1952 
3, 1952 
4, 1953 
25, 1953 
30, 1953 


1 Outfall location. 


— 

fe sta Stu sta sta Sta sta Sta | Sta 
| 10 28 ‘2 5.2 6.5 7a 7.6 | 8.7 
+i 4 4 | + | ++ 
+ ++ + | + 
++ 4 | + | +4] +4 
ees ++ | + + | + | ++ | 44 

ec TABLE IV.—Number of Mold Colonies Isolated from the Four Habitats of Each Station 
ere Nate Sta Sta. | Sta. Sta | Sta | Sta | Sta | Sta. 

10 | 28 | 4.2 52 65 | 7.2! | 76 8.7 

ie | 120 | 140 | 110 95 | 120 80 110 140 
Pes | 800 | 900 | 850 48 | 55 25 70 70 
ree | 450 45 | 60 | 120 | 60 78 65 Ys 
| 430 190 | 130 | 200 73 160 170 160 
650 200 280 200 60 | 65 150 130 
Pa 40 | 2 | 16 40 17 21 20 24 
re 170 | 300 | 120 | 130 93 140 110 80 
Sie | 47 33 | #33 | 43 | 12 20 23 50 
Re | 120 70 160 | 43 65 80 110 170 
ae ege 160 100 43 140 380 35 | 45 33 
ae 67 87 100 63 50 57 63 50 
OS aeie 45 55 60 90 65 43 83 40 
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TABLE V.—Number of Mold Species at Various Times of the Year 
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Number of Species 


Mar. 27, 1952 | | 
Apr. 17, 1952 24 20 | 9 | 18 14 | 14 | 22 | 93 | 44 
May 15, 1952 23 | 19 | 22 | 17 | 24 21 20 | 2 | Gi 
June 12, 1952 20 | 22 17 | 16 13 16 9 | 19 | 4 
July 10, 1952 22 | 2 | 2 | 16 15 18 4 | 16 | 41 
Aug. 7, 1952 22} 18 | 13 | 5 | 80 
Sept. 18, 1952 9 | 18 | 21 | 2 18 15 22 | 1 42 
Oct. 23, 1952 4 | 18 19 | 12 | 12 16 21 | 22 33 
Nov. 16,1952 | | 18 22 | 17 IS | 
Jan. 14, 1953 21 | 21 19 16 | 1 20 21 | 18 | 44 
Feb. 25, 1953 31. | 24 23 | 23 | 2 23 2% | 18 | 42 
Mar. 30, 1953 21 | 18 22 2, | 15 200 «17 85 
| 
Total j 
Average 22 | 20 a | 16 | 17 20 19 4l 


! Outfall location. 


tion or low dissolved oxygen is indi- 
cated in Table V. 


Discussion 


A comparison of the data in Tables 
IV and V shows that there is very 
little correlation between total number 
of colonies obtained and the number 
of species which produced them. Thus, 
at one sampling point on one occasion 
a species may appear in abundance, 
but the same species may not produce 
as many spores at another time as an- 
other species. 

Of the 48 species of soil molds found 
in four or more of the stations sampled, 
six were found consistently in most of 
the 32 habitats sampled. Soil molds 
are usually thought to oceur in the 
drier habitat of soils. Here these 
molds thrive when relative humidity of 
the soil air spaces is 100 per cent. This 
is attained when the soil moisture is 
above the wilting coefficient. The data 
presented here indicate that soil molds 
can survive and probably are active 
under completely saturated conditions 
of the substratum, such as in sediment 
under pools where there is a minimum 


of air, and oxygen may be available 
only in solution in the water. 

Many of the molds present in the 
stream may have been washed in from 
nearby soils on the creek bank, in ad- 
joining fields and forests, or with the 
sewage itself. Others may have be- 
come adapted to the environment and 
may be permanent residents of pools 
or banks where large amounts of or- 
ganic matter occur. This material may 
be brought into the stream from nearby 
fields, dead organic matter along the 
stream, or in sewage. It may acecumu- 
late and settle down into darkened 
layers in the mud or sand or gravel of 
the bank, pool, or riffle. These molds 
are probably active in the decomposi- 
tion of such materials, but to what ex- 
tent is not yet known. Such materials 
are present and the molds have been 
shown to be present in the same places. 


Summary 


The stream, Lytle Creek, has been 
surveyed in an effort to determine its 
mold populations. Certain physical 
and chemical characteristics of each 
station have been described. Although 
105 species of molds have been isolated 


: 
| Sta. Sta. | Sta. | Sta. Sta. | Sta. | Sta. | Sta. 
‘ | 10 | 28 | 42 | 52 | 65 | 721 | 76 | 87 | Total = 
[a 
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from the stream, only 6 were present 
in all samples collected in the 12 months 
of the survey and only 48 were present 
in four or more of the eight stations. 
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June, 1954 


Little correlation was noted between 
numbers of species present at any one 
time or place and the number of colo- 
nies produced in plating the samples. 
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LOCAL POLLUTION CONTROL COMMITTEES 


During the fiseal year 1952-3 pol- 
lution control committees were formed 
in two localities in the State of Wash- 
ington for the purpose of carrying 
forward pollution control and clean- 
up programs. The two areas are the 
Yakima Valley and the Columbia Ba- 
sin Irrigation Project. Various mem- 
bers of the staffs of the Washington 
State Pollution Control Commission, 
the State Department of Health, local 
County Health Units, and the Fisheries 
and Game Department assist the com- 
mittees in their programs. 

The committees are without author- 
ity, but obtain the support of local 
people through an educational pro- 
gram that seems to be their prime fune- 
tion. Meetings are held with school 
groups and the various service and 
civic organizations of the communities. 
Each committee has a work group to 


carry out the educational program, in 
which the Pollution Control Commis- 
sion aids by constantly sending out 
pertinent information. 

Another important function of the 
committees is to keep the Commission 
office informed of new industries and 
developments in the various areas so 
that the Commission staff can contact 
the industries during the planning and 
construction stages to assure that ade- 
quate waste disposal facilities are pro- 
vided. It is especially important in 
the Columbia Basin Irrigation Project 
that industries be properly located 
with regard to waste disposal. 

The two Washington localities are 
said to be the first areas in the country 
to attempt to use local committees of 
this type for pollution control and they 
are attracting considerable attention 
nationally. 
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LOW-COST GARAGE AND GREENHOUSE 


By A. J. WAHL 


Superintendent, Sewage Treatment Plant, Boise, Idaho 


One of the newest additions to the 
Boise, Idaho, sewage treatment plant is 
an 18- by 24-ft. greenhouse attached to 
a three-stall garage, the entire construc- 
tion of both units having cost the city 
only $1,946. 

The whole project began when it 
was decided that it was a crime for the 
trucks and other equipment used to 
maintain the city’s sewers to stand out 
in the open at the plant when not in 
use. Not only was the equipment de- 
teriorating, but it also was hard to 
work on it outside, especially in the 
winter. 


A heated garage seemed to be the 
answer. Exhaust from the gas engines 
used to run the pumps and blowers in 
the plant entered a sump, raising the 
water to between 110° and 160°. Why 
not heat the garage with this water? 

It was first decided to pipe the wa- 
ter to the garage site and put a radiant 
heating system in the floor. But about 
that time the city began remodeling 
the airport terminal building, and a 
large number of steel casement windows 
were removed from the old structure. 
Why not build a green house, heating 


FIGURE 1.—Greenhouse 18 ft. by 24 ft. made from salvaged steel window sash adjoins 
concrete block garage for equipment storage and repair. Total cost of both units was 


$1,946. 
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FIGURE 2.—Engine exhaust water rec 


June, 1954 


irculated through 2-in. lines by \-hp. pump 


provides heat for greenhouse and three-stall garage. 


both it and the garage by a hot-water 
system ? 

The garage-greenhouse (Figure 1) 
was completed in November, 1953. 
Most of the total cost of $1,946 went 
for concrete blocks and garage doors, 
the actual construction work being 
done by members of the plant crew. 
A 1%-hp. motor and pump (Figure 2) 
circulate the heating water from the 


engine exhaust pit to the greenhouse 
and garage. 

Although the greenhouse had been 
built only a short while, by the end of 
January, 1954, plant employees were 
bragging about the tomatoes and 
geraniums already raised in it. The 
greenhouse is to be used primarily for 
starting landscaping flora for use 
around the plant grounds. 


THE DAILY LOG 


Kenosha, Wisconsin 


By Frank I. Viten, Superintendent 


April 2—F or some time, we have been 
aware of the fact that the wood roofs 
on our two digesters have deteriorated 
to the point of needing replacement. 
Several gaping holes are evidence that 
there is scarcely a sound board left in 
these structures. Although the possi- 
bility of using some material other 


than wood has been investigated, for 
a number of reasons it has been con- 
cluded that wood is still the best bet 
for this purpose. We plan to do the 
replacement job with our own crew, but 
two 70-ft. diameter digesters contain 
a lot of board feet of lumber so the 
work will be spread over this and the 
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following summer. Use of pressure- 
treated lumber this time should give 
longer life to these roofs. 

April 22—All of the old roof finally 
has been stripped off one of the di- 
gesters. Its condition was much worse 
than anticipated, as even the 2x4 
stringers were so badly rotted that 
we consigned the whole thing to a bon- 
fire. 

May 15—The steelwork in the digester 
trusses and the ceiling plate is in fairly 
good condition. It is being scraped 
and wire-brushed clean before applying 
a coat of a rust inhibitive followed by 
a couple of coats of red lead. All avail- 
able men are working on this job and 
some other chores will just have to be 
neglected. 

May 20—It was found impossible to 
operate our electric-powered paint 
sprayer to paint the digester steel work. 
Investigation revealed a voltage drop 
from 111 on the panel in the main 
building to 98 in the digester control 
room, a distance of some 400 ft. And the 
power line is buried in concrete! At 
considerable trouble we ran a pipe line 
from the air compressor in the pump 
room to the digester control room and 
installed a pressure regulator to oper- 
ate our spray guns. It seems to me 
there should be a better way of install- 
ing electrical work than by burying it 
in concrete in the naive hope that it 
will last forever. If this control room 
circuit ever fails us, we will really be 
in trouble. 

June 13—Friday the 13th and, as 
could be expected, many basements 
were flooded during the 1.5-in. rain 
which fell in 40 min. The storm hit 
while we were still trying to catch 
up with the storm flow from two days 


ago. 


June 23—Today experienced the 
fourth major storm for this month. In 
each case intensities were above nor- 
mal and there was much flooding. We 
are pushing 30 m.g.d. through a 10- 
m.g.d. plant. Consequently, the stuff 
goes through so fast that it certainly 


doesnt receive any treatment. Our 
invert elevation is — 7 city datum and 
our operating levels are at + 17.5. 
Every drop of our flow has to be 
pumped and I certainly envy the fel- 
lows who can just open a couple of 
gates to a bypass. 

July 2—A survey of the storm-water 
detention basin at Lincoln Park was 
made today from a small dinghy. In 
the launching, one of the men fell in. 
He probably does not qualify, however, 
for the society of ‘‘those-who-have- 
been-dunked,”’ although discharges of 
sewage from areas outside the city lim- 
its do find their way to this lagoon. 
July 17—Trouble with the drive 
mechanism on one of the clarifiers 
necessitated pumping this unit down. 
Both lower idler shaft bearing brackets 
were broken and the shaft was bent. 
This shaft is 35,, in. in diameter and 
15 ft. long. We are fortunate to have 
a shop in town where it can be straight- 
ened. 

July 22—Despite this being the fourth 
consecutive day of very hot weather, 
gas production continues low—and no 
wonder what with the volatile solids 
percentages down in the low forties. 
If the capacity were available we would 
be tempted to pump raw sludge di- 
rectly to the drying beds. 

July 30—Completed repairs to the 
clarifier drive. During the down time 
we had to operate with only three clari- 
fiers. This isn’t good as we have had 
excessive storm flows and an additional 
burden from lake-water backwash due 
to high lake levels. Sometimes we 
wonder whether we're pumping into 
the lake or out of it! 

August 8—Today we set up some 
bottle digesters for an experiment on 
one of the enzyme additives for which 
benefits are claimed as an aid in diges- 
tion. We are always looking for means 
to improve digestion, and thereby pro- 
duction of sludge gas, of which we usu- 
ally could use more than we produce. 
August 22—This was the day! A 
frantic phone call got me up out of a 
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sound sleep and down to the plant at 
5 AM. We have about 400 ft. of pipe 
tunnel connecting the main building 
with the digester control house. Mid- 
way and down a flight of stairs is our 
venturi installation and the transmit- 
ter for recording our flows. The mid- 
night operator had come to work high 
with spirits and left a sludge valve 
Result: control house lower 
level and pipe tunnel with 18 in. of 
sludge on the floor and the venturi 
room completely inundated. It was the 
worst mess your ‘‘logger’’ has ever 
seen and dangerous because of the elec- 
trical connections at the transmitter. 
Two whole days were required to clean 
up after the sludge was all pumped out. 
The operator? Oh yes, he was fired 
on the spot. 

August 31—This seems to be the year 
for rains of abnormal intensity. Today 
we had a 5-min. rain at the rate of 4.22 
in. per hour, and a 10-min. rain at 3.35 
in. per hour. 


open. 


September 26—So far, our average 
daily flow is 62.5 per cent greater than 
last year, although the total pounds 
of dry solids removed is 11.5 per cent 


less than last vear. Besides using more 
gas, we're actually making less! 
October 5—We have figured out a way 
to adapt a valve grinder for reshaping 
and sharpening comminutor teeth. A 
jig for holding the teeth was designed 
and we use a stellite grinding wheel. 
The horizontal and transverse motion 
and accurate setting possible with the 
valve grinder produces a good job. The 
teeth cost about $1.80 each and, with 
this equipment, they can be sharpened 
two or three times. 

October 28—The new enclosed fume 
hood, which we have been wanting for 
the laboratory for some time, arrived 
today and we are busy installing it. 
Dolores can now ‘‘cook’’ anything she 
wants to without permeating the whole 
building with the cooking odors. 
November 5—Yes. we finally did com- 
plete the roof job for the digester. The 
last nail was driven on August 27th. 


June, 1954 


What with vacation schedules and 
other chores it sure took a long time. 
The boys did a good job, however, and 
now that we have had some experience 
the next one, a year from 
shouldn’t take as long. 
November 18—Some day perhaps, the 
scientists will have figured out a way 
to equalize the precipitation. In July 
we had 5.5 in.; in August, 3 in.; in 
September, 0.5 in.; and in October, 
only 0.03 in. I must go back to this 
period when I have a chance and try 
to develop some figures on dry-weather 
flows and infiltration. 

December 5—Whenever it is necessary 
to dewater our flocculator basins, we 
find the drain lines clogged with sand 
and have considerable trouble getting 
them open. Today we installed plugs 
for the drains, fabricated from steel 
plate and connected to a stout chain. 
We expect this will keep the drain lines 
clear and the chain will be used to pull 
the plugs when we next need to empty 
these basins. 

January 2—The crew started wielding 
paint brushes today. For many years, 
a coating of white cement and lime had 
been applied to the masonry walls in 
the two buildings. This had to be re- 
newed annually; although the materials 
were cheap, a lot of work was involved 
and the appearance was not the best. 
We are now using a good grade of in- 
terior gloss enamel on these walls with 
good success. This year the control 
room, shop, and screen room will be 
painted. All equipment also is sched- 
uled for a repaint job. 

February 4—The grit equipment 
stalled on us today, requiring dewater- 
ing of the basin and removal, by hand, 
of about 20 eu. yd. of heavy sand. 
February 14—Sent out our ‘‘Valen- 
tines’’ today in the form of completed 
annual reports. Copies were mailed 
to a number of interested persons. This 
is a fine way to compare notes with 
other operators. Our data may help 
others and we appreciate receiving 
their reports in turn. 


now, 
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February 24— The linoleum floor in the 
laboratory needed replacing so we pur- 
chased enough rubber tile to recover it. 
The thing about using tile is that al- 
most anyone can apply it and do a good 
job by following the simple directions. 
March 13—This is another Friday the 
13th and we are beginning to wonder 
if there is something to this bad luck 
idea—the impeller shaft failed on one 
of the 10-m.g.d. sewage pumps. It is 
always the same sewage pump that 
breaks down. This unit is the last one 
on the line and draws from the deepest 
part of the wet well. Perhaps, because 
of this, it handles a larger quantity of 
abrasive materials than do the other 
two pumps. 

March 25—A vreat deal of trouble has 
been experienced with this pump re- 
pair. In this case the bushings did not 
fit and had to be remachined. Each 
time we take a pump apart for repairs, 
some dimension or another has to be 
changed on the shaft or bushings so 
that we now have a fatherless unit 
which no one would recognize as the 
original, 


April 3—We are not happy about the 
frequent failures of the impeller shaft 
on the sewage pump. Our other gas 
engine-driven pump does as much 
work; pumps against the same head; 
and all checks indicate that there is 
nothing wrong with the alignment, ete. 
Here’s a log on this unit sinee it was 
placed in service: 


Hours M.G. 
Date Operated Pumped 

1940 
Jan. 12, 1942? 5,2008 1,200 
Oct. 11, 1946 20,750 4,234 
Oct. 7, 1947 3,839 883 


Aug. 21, 1949 10,073 3,020 
Mar. 13, 1953 20,150 6.939 


'! Installed and placed in service. 
? Shaft failed. 
3 Estimated. 


April 9—A survey of each of the di- 
westers today revealed a considerable 
accumulation of grease and oil. This 
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material does not break down in the 
digestion process and we occasionally 
find it ending up in a drying bed. 
Question: What do you do with a bed 
full of greasy sludge which will not 
dry? Answer: You put boots on your 
crew, give them a pat on the back, and 
tell them to shovel it out of there. 
Big problem: Finding a place to dis- 
pose of it. 

April 12—-The following can be classed 
along with the other wonders of the 
world! Officials of a local manufactur- 
ing concern came to us the other day to 
ask if we would do some experimental 
work on a new wire coating compound 
they are thinking of using. This com- 
pound would have certain advantages in 
their wire processing, but they wish to 
know whether or not the spent com- 
pound, if discharged to the sewers, 
would be toxic to our treatment proc- 
esses. We sure would experiment with 
it—and glad of the chance! It isn’t 
often a treatment plant operator has a 
chance to predetermine the effect of a 
waste on his processes and operation : he 
usually finds out about it after it has 
upset his whole plant. We believe this 
approach on the part of the manu- 
facturer is a direct result of our visits 
to the various local plants, getting to 
know their problems, and occasionally 
lending a sympathetic ear. A bottle 
digester experiment on the effects of 
the wire coating was started forthwith ; 
we hope to have more to tell about this 
at a later time. 

So ends this log, except for one thing. 
The ‘‘Log’’ from this particular plant 
is about reduced to sawdust, unless this 
contributor starts prognosticating. Se- 
riously, the ‘‘Log’’ is one of the first 
things I turn to in the Journal. There’s 
never a dull moment in operating a 
treatment plant and surely many others 
have had experiences worth relating 
for the betterment and amusement of 
all. How about putting something 
down on paper and sending it along 
for use in your ‘‘Corner’’? 


tty 
vas 
: 

Pats 
| 

‘ 

= 

a 


SOO 


SEWAGE AND INDUSTRIAL WASTES 


June, 1954 


DUAL-FUEL ENGINES SHOW ECONOMY AT LANSING 


Installation of two 325-hp. dual- 
fuel sewage gas engines has given the 
newly expanded sewage treatment 
plant at Lansing, Mich., a highly flex- 
ible, dependable, and economical power 
supply. In their first year of opera- 
tion, the new engines (Figure 1) are 
claimed to have saved the plant 
$30,000 compared with the rate for an 
equivalent volume of purchased power. 

The power plant is of interest on 
several counts, as follows: 


1. The efficient performance of two- 
cycle engines on digester gas fuel. 

2. The advantageous use of dual-fuel 
engines to assure continuity of opera- 
tion. 

3. The high efficiencies achieved 
through use of engine waste heat. 

4. The important cash savings re- 
sulting from the use of gas-burning 
dual-fuel power units, especially with 
the high gas production resulting from 
digestion of ground garbage with sew- 
age sludge. 


Plant Expansion 


The original Lansing sewage treat- 
ment plant, constructed in 1938 when 
the population was close to 70,000, was 
designed for a normal flow of 9 m.g.d. 
with provision for a maximum flow of 
18 m.g.d. Complete treatment was pro- 
vided, including pre-aeration, primary 
settling, aeration, final settling, chlo- 
rination, and sludge digestion. Ground 
garbage is discharged directly into the 
digesters. Air for aeration was sup- 
plied by three blowers—a_ 5,000-c¢.f.m. 
unit driven by a 240-hp. spark-ignition 
engine, and two 4,000-¢.f.m. units 
driven by 200-hp. electric motors. 

By 1945 the population had increased 
to 82,000 and the normal flow was up 
to 12 m.g.d., a serious overload on the 
9-m.g.d. facilities. It was decided to 
enlarge the plant capacity to serve a 
design population of 117,000, with an 
average flow of 20 m.g.d., partial pri- 
mary treatment for 40 m.g.d., and sec- 
ondary treatment for a 30-m.g.d. maxi- 


FIGURE 1.—Air for Lansing’s expanded sewage treatment plant is provided primarily 
by two 7,000-c.f.m. blowers driven by 325-hp. dual-fuel engines. 


Vol. 26, No. 6 


mum. The pumping station was en- 
larged to 40-m.g.d. capacity and 
equipped with mechanically-raked 


screens and grinders, eliminating the 
need for screens at the plant. 

The enlarged treatment plant pro- 
vides grit removal, 10-min. pre-aera- 
tion, primary settling (2 hr. detention 
at design flow, 1 hr. at maximum), 
activated sludge aeration by swing tube 
diffusers (four original and two new 
tanks), final settling (two original and 
four new tanks), and effluent chlorina- 
tion. The sludge handling system in- 
cludes elutriation tanks, vacuum filters, 
and dryers. The enlarged garbage 
handling facilities include storage wells 
in which the ground garbage is agi- 
tated by air diffusion to cause grit to 
settle out so that grit-free garbage can 
be pumped to the ten digesters (four 
original and six new fixed-cover tanks) 
with the primary sludge. 

The present population (1954) is 
95,000, contributing an average sewage 
flow of 16.5 m.g.d. 


Blower Capacity Increase 


To supply 1 eu. ft. of air per gallon 
of sewage at the 30-m.g.d. maximum 
flow would require blower capacity of 
21,000 «.f.m. To allow for peak de- 
mands and standby, however, it was 
decided to install two new 7,000-c¢.f.m. 
blowers, bringing the total available 
air supply to 27,000 ¢.f.m. 

To drive these blowers, two identical 
two-cycle dual-fuel diesels, each rated 
at 325 hp. at 514 rpm. Normally 
these engines use digester gas as fuel, 
with a small quantity of pilot diesel oil 
to initiate combustion. If desired, how- 
ever, they can be run entirely on oil. 

In a plant already having one blower 
powered by a spark-ignition gas en- 
gine (Figure 2) and two blowers 
driven by motors for which electric 
power was purchased, it is interesting 
to note the factors dictating the choice 
of dual-fuel engines for the new in- 
stallation. Digester gas obviously is 
the cheapest fuel and the most eco- 
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nomical source of power, but the sup- 
ply of gas is limited. At Lansing the 
gas supply is about 3 cu. ft. per capita 
per day, triple the average, the large 
supply being attributable to the addi- 
tion of garbage to the digesters. Never- 
theless, demands for the gas are equally 
high; it is used not only as engine fuel, 
but also for sludge heating and drying, 
building heat, and water heating for 
garbage can washing. (Lansing picks 
up garbage, can and all, leaving a 
clean can for each one collected.) 

It is apparent that there would not 
always be sufficient gas available to 
fuel the engines needed for air supply. 
yet it was desired to utilize all the gas 
that would be available for power pro- 
duction. It was caleulated that the 
dual-fuel units not only would provide 
power at lower cost than purchased 
power when burning digester gas, but 
also would be cheaper than purchased 
power when running entirely on oil. 


Engine Operation 


The two new engines were put into 
service in May 1952, and in the fiscal 
year ending April 30, 1953, justified 
the calculations and expectations. The 
two dual-fuel units, running alter- 
nately, were in operation a combined 
total of 8,450 engine hours and com- 
pressed 3,137,000,000 cu. ft. of free 
air to an average pressure of 8 p.s.i. 
Total fuel consumed was 24,654,000 eu. 
ft. of gas and 20,243 gal. of oil. The 
gas was already available, so cost noth- 
ing. Also, no labor cost is charged 
against the engines because no addi- 
tion was required to the plant’s operat- 
ing staff. The costs, therefore; were as 
follows : 

Fuel oil (20,243 gal. @ $0.113) 
Lube oil (508 gal. @ $0.66) 
Maintenance and repair 


$2,287.46 
335.28 
295.76 


Total operating cost $2,918.50 


To compress the same volume of air 
with motor-driven compressors would 
require an estimated 1,770,000 kw.-hr. 
of purchased power, which at the plant 
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FIGURE 2.—Two dual-fuel engines (foreground) have taken major burden of air supply 
from old electric-driven units and spark-ignition unit (background). 


rate of $0.0187 per kw.-hr. would cost 
a total of $33,099. Thus operation of 
the dual-fuel engines meant a saving of 
more than $30,000 in one year. The 
dual-fuel engines averaged $0.00093 
per 1,000 cu. ft. of air compressed, as 
compared with $0.0105 for purchased 
power cost. On the occasions when the 
digester gas supply was insufficient to 
run both the spark-ignition engine and 
one of the dual-fuel units, fuel oil op- 
eration of the latter cost $0.0045 per 
1,000 cu. ft. of air compressed. 

On dual-fuel operation the efficient 
high-compression diesels consume only 
8.35 eu. ft. of gas (550 B.t.u. per eu. ft.) 
and 0.0044 gal. of pilot oil per 1,000 
cu. ft. of air compressed. This amounts 
to a total fuel input of about 5,178 
B.t.u. per 1,000 cu. ft. of air. The com- 
parable input for the older, lower-com- 
pression, spark-ignition engine is 7,189 
B.t.u. 

An added advantage for the two- 
eycle engines is that they have no ex- 
haust valves to be affected by corrosive 


components in the digester gas, result- 
ing in low maintenance and unusually 
high availability for service. In the 
20-month period from May 1952 
through December 1953, the two dual- 
fuel units were available for service a 
combined total of 28,902 engine-hours 
out of a possible 29,280, or 98.7 per 
cent of the time. One engine was avail- 
able 14,316 hours of a possible 14,640 
(97.7 per cent), and the other was down 
for maintenance only 54 hr. in 14,640 
and was available for service 99.6 per 
cent of the time. 

The digester gas is collected in a 
25,000-cu. ft. gasometer at a pressure 
of 10 in. of water. This gravity gas 
holder floats on the plant’s consump- 
tion lines and a series of photoelectric 
cells, actuated by the rise and fall of 
the gasometer dome, automatically con- 
trols the gas system. Excess gas is 
stored in a 46-ft. diameter spherical 
holder with a capacity of 100,000 eu. 
ft. at 30 p.s.i. Further excess is wasted. 
Gas is supplied to the dual-fuel en- 
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gines at 28 p.s.i. by a motor-driven ro- 
tary gas compressor. Heat recovery by 
the engine silencers and from engine 
jacket water and lube oil coolers is 
utilized to heat the sludge and build- 
ings. 
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Landscaping and Care of 
Plant Grounds 


G. T. Lohmeyer, Superintendent, 
Sewage Treatment Plant, University of 
Florida, Gainesville, Fla.:—The extent 
to which a sewage treatment plant staff 
is able to landscape and maintain the 
plant grounds depends on a number of 
factors. Among these factors may be 
included such items as the plant’s op- 
erating budget (which has been un- 
duly magnified at times), the type of 
treatment for which the plant is de- 
signed, and the interest displayed by 
the operators themselves in maintain- 
ing the plant in the finest possible con- 
dition. Undoubtedly, the last men- 
tioned factor is of the first importance. 

A well-kept lawn should be a symbol 
for all sewage treatment plants pro- 
ducing a properly digested sludge. 
Establishing such a symbol cannot be 
accomplished over night. However, 
judicious application of dried pulver- 
ized sludge to the plant grounds as a 
soil conditioner will greatly assist in 
developing a lawn of golf fairway qual- 
itv. The selection of the type of grass 


*From transcript, 26th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Miami, Fla.; Oct. 13-16, 1953. 

The first section of this Forum, covering the 
subjects of manpower requirements for sew- 
age plant operation and training programs 
for plant personnel, appeared in THis JourR- 
NAL, 26, 5, 675 (May, 1954). 


obviously must be decided for each 
particular region. 

A lawn sprinkling system is an ab- 
solute necessity for maintaining a lawn 
properly during the dry season of the 
year. In operating such a system, bet- 
ter results have been obtained by 
sprinkling thoroughly for 3 or 4 hr. 
during the night than by sprinkling 
intermittently for brief intervals dur- 
ing the day. Sprinkling in this man- 
ner minimizes evaporation losses. <A 
sewage treatment plant producing a 
previously chlorinated and highly ni- 
trified effluent will profit by using this 
as a water source for its lawn sprink- 
ling needs. Practically instantaneous 
results are obtained from a lawn 
sprinkling system of this design. <A 
beautiful plant lawn which is condi- 
tioned and fertilized with digested 
sludge and final effluent also serves as 
a convincing testimony to the efficiency 
of the plant’s operation. 

After establishing a plant lawn, 
which is the first step in developing 
any landscaping project, the planting 
of shrubbery should be the next con- 
sideration. A person inexperienced in 
choosing and planting shrubs should 
always seek expert advice before start- 
ing this phase of the project. An ama- 
teur’s planting ability may defeat the 
intended purpose of improving the ap- 
pearance of the plant. Garden and 
civie clubs in municipalities offer excel- 
lent sources of assistance to the op- 
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with such fine 
groups will also improve public rela- 
tions. 


erator and working 


Enthusiasm on the part of plant op- 
erators is the biggest key to the secret 
of maintaining plant grounds. Pulling 
weeds, trimming hedges, and applica- 
tion of insecticides oftentimes can be 
done between the routine duties of 
plant operation. Such helpful tips as 
that of spreading a thin layer of rock 
salt along a concrete wall or walk will 
help to eliminate the chore of edging 
the grass continually. One night opera- 
tor at a small Florida plant sprayed 
the entire area around his plant at 
night using a portable light. Perhaps 
enthusiasm alone on the part of the 
operator is not the complete require- 
ment—it would seem that energetic en- 
thusiasm more nearly fits the need. 

Aside from the apparent esthetic 
benefits derived from maintaining a 
well-grassed and well-landseaped plant, 
other advantages — exist. 
Summer temperatures inside the plant 
are cooler, wind blown dust and grit 
in the dry season are subsided, and op- 
erator morale always reaches a higher 
level. An investment in landseaping 
and maintaining a sewage treatment 
plant, regardless of its location, is an 
investment well spent. well-kept 
plant generally is a well-operated plant. 

From the Floor :—Would it be feas- 
ible and would it be advisable for the 
landscaping, and possibly the sprinkler 
system and other things necessary for 
good lawns and well-landseaped plants. 
to be included in the contract when the 
plant is first built, rather than done 
later? Possibly a lot of men that are 
landscaping their own grounds aren’t 
vood landscapers and don’t know just 
what bushes and shrubs would make 
the best appearance and the best group- 
ing. Wouldn't it be better if that was 
done when the plant was built? In 
most cases the money would be easier 
to get then than it would be later. 


secondary 


Most cities are reluctant to put out 
money for landscaping later. 
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Mr. Cobb:—As a case in point, we 
recently had an experience where a 
city rebuilt an existing sewage treat- 
ment plant. The plant had looked bad 
for quite a few years and was in a 
poor location in a swampy area near 
a river. They were facing a pretty 
large bill on rebuilding the plant, in- 
cluding new buildings, so we finally 
vielded to their wishes and put in noth- 
ing at all for the treatment of grounds. 
The rebuilt plant looks much _ better, 
and now they wish they had spent a 
few dollars on a little landscaping and 
lawn around the plant. However, all 
the money set aside in the bond issue 
has been spent and the funds for plant 
beautification must from other 
Actually, the plant is more 

than they appreciated at 
first, and by dressing it up the plant 
could have been made into a very good 
advertisement for the city. 

Care should be exercised, however, 
lest so much lawn be provided around 
a plant that even in a small plant sev- 
eral men will be required to do nothing 
but cut grass during the summer. More 
attention is needed to the possibility 
of using natural covers, which if prop- 
erly utilized can be quite beautiful. In 
one small plant recently constructed in 
New Hampshire, rather than using 
grass cover, they have gone to the use 
of honeysuckle, which doesn’t require 
mowing, will hold the slopes around the 
structures, and gives a rather pleasing 
appearance. In that way, it has been 
possible to eliminate quite a lot of 
maintenance work in cutting grass. In 
some of the smaller towns, if a lawn 
is furnished sometimes there’s a ques- 
tion as to whether it will be main- 
tained. An unkept lawn sometimes 
looks worse than none at all. 

Mar Barofsky, Deputy Commis- 
stoner and Chief Engineer, Water 
Department, Philadelphia, Pa.:—About 
$12,000,000 has been spent on the Phil- 
adelphia Northeast plant, recently put 
into operation. 


come 
sources, 


noticeable 


So important was it 
deemed to have adequate landscaping 
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of the 30 to 40 acres involved that a 
landscape architect was engaged. The 
first thing that impresses anyone en- 
tering the plant grounds is the contrast 
between those grounds and the sur- 
rounding highly industrial area. That 
is a major contribution to improved 
publie relations. In addition, it adds 
much to the morale of the plant per- 
sonnel. The small percentage of the 
entire cost of the plant spent in land- 
scaping is well worth while. 

T. A. Berrigan, Chief Engineer, Sew- 
erage Division, Metropolitan District 
Commission, Boston, Mass.:—Water is 
an important factor in growing any- 
thing. Has anyone had any experience 
in using primary plant effluent for 
lawn sprinkling purposes ? 

Mr. Lohmeyer:—¥or some six 
months the grounds around the Uni- 
versity of Florida sewage treatment 
plant had been sprinkled with the 
highly nitrified plant effluent. This 
water is pumped from a small lagoon 
into which the plant effluent flows. 

The best results have been obtained 
by sprinkling for 3 or 4 hr. in the early 
morning when evaporation is at a 
minimum. The length of the sprinkling 
period is governed by the saturation of 
the soil. No primary effluent has been 
used on the plant grounds; before that 
could be done, of course, the State 
Board of Health would have to ap- 
prove. The final effluent going into 
the lagoon has a chlorine residual in 
the neighborhood of 1 p.p.m.; it has a 
slight chlorine residual when pumped 
onto the grass. 

C. H. Williams, Superintendent, 
Sewage Treatment Division, Dallas, 
Tex.:—Water for lawn sprinkling at 
the Dallas plant is taken directly out 
of the secondary settling tank follow- 
ing the trickling filters. There is no 
chlorine residual in the effluent. Pri- 
mary effluent has been used at times 
when the secondary effluent pumps have 
broken down, but only for short pe- 
riods. 


©. Larson, Manager, Springfield 
(1il.) Sanitary District :—Ilt is rather 
difficult to know just how far to go with 
this matter of landscaping. There are 
those who overdo it, I’m sure; but 
probably more underdo it than overdo 
it. Everyone, of course, assumes that 
just by virtue of the functions which 
it is called upon to perform a sewage 
plant must be a very dirty, smelly, un- 
pleasant place. It is always gratifying, 
at least, to have people come and have 
their minds changed by just looking 
at the plant. 

Good housekeeping is certainly im- 
portant psychologically. The public 
quite frequently is more interested in 
how a thing looks than in how it works. 
But, happily, if the thing looks good, 
it probably works well. That same line 
of reasoning also applies to the labora- 
tory ; a sloppy laboratory probably in- 
dicates a little sloppy thinking, too. 
Although the matter of maintenance or 
the landscaping of a plant is expensive, 
there is no question but what a well- 
manicured plant is a pretty good indi- 
cation of careful operation, as well as 
a nice show window. 

F. L. Flood, Partner, Metcalf and 
Eddy, Boston, Mass.:—As is the case 
with so many other phases in sewage 
treatment, it is unwise to talk in gen- 
eralities about using plant effluent for 
lawn sprinkling—each plant has its 
own peculiarities. It would be out of 
order to use a primary effluent so high 
in hydrogen sulfide that it produced an 
odor when sprayed on the ground. And 
even in the case of some final effluents, 
it is necessary to do considerable work 
—perhaps chlorination, perhaps screen- 
ing—in order to use those effluents 
effectively on plant grounds. In a 
smaller plant water usually is relatively 
cheap. Sometimes it’s not worth the 
effort, and the possible disagreeable 
and objectionable conditions that might 
arise, of using a plant effluent, partieu- 
larly from a primary treatment plant. 
Sometimes, especially in northern eli- 
mates, it may be practical to get a very 
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satisfactory primary effluent with some 
screening and with chlorination. 

George S. Long, Supervisor of Op- 
Akron, Ohio:—I can’t give 
the exact cost of landscaping the recent 
addition at the Akron plant, but it was 
less than 1 per cent of the contract. 
The value of landscaping may be illus- 
trated by the following incident. Back 
in the WPA days, we had quite a pro- 
gram of planting on the plant grounds. 
Two or three years ago, after those 
trees had had a chance to grow, one 
man remarked one day: ‘‘You’ve 
changed your method of operation 
down there, haven’t you?’’ I said, 
**No.”’? ‘‘Well,’’ he said, ‘‘I went by 
the plant the other day, and I didn’t 
smell a thing.”’ 


eration, 


Control of Frothing 


Harvey E. Berg, Manager, Process 
Chemicals, National Aluminate Corp., 
Chicago, Ill.:—There has been consid- 
erable material written on frothing in 
sewage treatment plants and the sub- 
ject has been discussed in many local 
meetings of sewage plant operators. 
In all this, however, only a relatively 
few cases have been cited and it has 
been difficult to ascertain the extent of 
the difficulty experienced. Contacts 
with the individual operators seem to 
indicate more instances where no diffi- 
culty is reported, or at least where the 
difficulty is not recognized, than where 
trouble is experienced. 

It is known that under present con- 
ditions the froth potential is great. 
One cannot heip but wonder, however, 
if observations on the extent of the 
problem are not true because: 


1, Operators in many cases accept 


the difficulty as a necessary evil and 
do nothing about it. 

2. The probiem is not universal. 

3. Only the more progressive opera- 
tors recognize the potential hazards of 
blowing clouds of froth to health, 
safety, landscaping, and good house- 
keeping. 
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4. Operators live in hopes that froth- 
ing is just a temporary passing diffi- 
culty and will soon go away. This, quite 
surely is not correct, because public 
conversion to non-foaming detergents 
is not foreseeable in the near future, 
since indications in the literature are 
that manufacturers are still searching 
for foam stabilizers. 


It would seem that a logical starting 
point to determine the extent of the 
difficulty caused by frothing would be 
a questionnaire survey of the opera- 
tors. After all, they certainly are the 
ones who know. It would also seem 
that this type of thing could best be 
handled by the associations whose 
members are the operators themselves. 

Control of frothing is not difficult. 
It can be done easily with chemicals, 
in some cases mechanically, or by a 
combination of the two. Regardless of 
how it is done, this control will cost 
money. However, the issue must be 
faced squarely; if froth control is re- 
quired for good operation of units, the 
costs must be worked in somehow. 
Short cuts, such as control of aeration 
and feeding of raw sewage at late 
stages in aeration tanks, have been sug- 
gested. These methods, however, sac- 
rifice good operation of plants in the 
same manner that short-cireuiting of 
any piece of equipment reduces its ef- 
fectiveness. 

All air, gas, or vapor passing through 
a liquid must escape in the same man- 
ner. Air is referred to here because 
it is the gas involved in aerobic treat- 
ment processes. As it passes through 
the liquid the air is surrounded by a 
film of the liquid, which if sufficiently 
fragile will break when it reaches the 
surface, releasing the air to the atmos- 
phere. If, however, this film is stabi- 
lized by materials in the liquid, the 
film will break more slowly, or possibly 
not at all, resulting in a build-up of 
froth. 

Basically, the action of a defoaming 
agent is to weaken the stabilized film 
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so that it will break at the liquid sur- 
face sufficiently fast to release the air 
and prevent a build-up of froth. Vari- 
ous workers studying defoaming ac- 
tions believe, and have demonstrated, 
that the mechanisms of defoaming ac- 
tion are as follows: 


1. Penetrating and puncturing the 
film. 

2. Replacing the stabilizing material 
in the film. 

3. Causing the film to be brittle, 
rather than flexible, so that it ruptures 
when stresses are applied to it when it 
rises to the surface. 


When selecting an antifoam for sew- 
age treatment plants, several factors 
are important. Among these are the 
following: 


1. The chemical should be a defoamer 
and function as a film breaker. Foam 
prevention can be achieved by some 
chemicals by causing coalescence of 
bubbles below the liquid to stretch the 
film to the breaking point. This en- 
larged bubble phenomenon is not de- 
sirable, as indicated in recent discus- 
sions and papers. 

2. Most effective defoamers are in- 
soluble. The longer they can be kept 
in this condition, the longer are they 
effective. 

3. The defoaming agents must be ¢a- 
pable of being dispersed in the liquid 
to break as many bubbles as possible. 
One doesn’t hunt pheasants with a slug 
in his shotgun; he certainly would do 
better with scatter shot. Any disper- 
sive aid that can be given a defoamer, 
either mechanically or by chemical ad- 
ditives, is helpful. 


The best method of application of a 
defoamer should practically always be 
engineered for the individual plant. 
Even though plants may be similarly 
constructed and operated according to 
the book, their requirements are dif- 
ferent. For example, it should be de- 
termined when froth difficulty is usu- 
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ally experienced, and it is, of course, 
most economical to employ defoaming 
action only in these periods. Defoam- 
ing requirements in many plants vary 
with the seasons, the days of the week, 
and the hours of the day. Detention 
time varies, and this is an important 
consideration in selecting methods and 
place of application. Some points of 
application where defoamers are suc- 
cessfully applied are: 


1. Sprays. 
2. Return sludge. 
3. Sewage influent. 


Just a brief word about chemical 
cost. At one plant where an excellent 
job was done on evaluating benefits 
versus cost of anti-foams, it was found 
that by introducing the defoamer into 
sprays, the cost of using the defoamer 
was approximately $0.24 per m.g. of 
raw sewage for the approximately 6 
hr. of severe foaming, or an average 
cost of $0.06 per m.g. based on the 
24-hr. through-put. Some plants, where 
the problem is acute, have found that 
they can justify expenditure of as high 
as $0.75 per m.g. of sewage treated, 
but this seems to be about the accept- 
able limit. 

R. D. Bargman, Assistant Chief En- 
gineer, Hyperion Sewage Treatment 
Plant, Los Angeles, Calif.:—A spray 
system has been installed throughout 
9,600 linear feet of channel lengths at 
the Hyperion plant. The installation 
cost about $83,000 plus $5,000 for a 
pump, so the cost is approaching $10 
per linear foot for installation alone. 
Some idea of the size of the spray sys- 
tem can be gained from the fact that at 
25 lb. per sq. in. nozzle pressure, the 
1,520 nozzles require 4,000 g.p.m., 
which means approximately 0.4 g.p.m. 
per linear foot of tank for adequate 
control. In addition to the spray sys- 
tem, about 10 g.p.d. of chemical de- 
foamers are used. 

If a charge is made for the power 
used by the pump, operating costs of 
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the froth control system amount to 
about $0.19 per m.g. Power at this 
plant is produced from digester gas. 
If the allowance for power is deducted, 
therefore, the operating costs for froth 
control are only about $0.07 per m.g. 

Mr. Whitney:—Would sudsless de- 
tergents be an answer to the frothing 
problem ? 

Linn H. Enslow, Editor, Water and 
Sewage Works Magazine, New York, 
N. Y¥.:—Sewage treatment personnel 
must protect their own interests. If I 
had detergent troubles with a plant, 
I would do all I could to publicize the 
non-frothing detergents. That would 
be one way of encouraging development 
and production of non-frothing prod- 
ucts. 

R. W. Simpson, Chief Sanitary En- 
gineer, Gilbert Associates, Inc., Read- 
ing, Pa.:—My firm investigated what 
was probably the first instance of a 
sewage treatment plant being troubled 


with frothing after a community-wide 
distribution of free detergent samples. 
Since that time we have spent a lot of 
time investigating frothing. 

The operators can do something to 


help themselves. 
several 


It has been reported 
that control of the 
suspended solids in the aeration tank 
helps a lot. There has been a lot of 
controversy, because some people, es- 
pecially the detergent manufacturers, 
don’t feel that the detergents caused 
the trouble. Certainly, however, they 
are a contributing factor. But the 
length of aeration time, and the sus- 
pended solids in the aerators them- 
selves, have a bearing on the 
amount of froth formed. Good results 
have been obtained by using the efflu- 
ent and spraying with an ordinary 
garden sprayer. Also, a number of de- 
foaming agents have been used effece- 


times 


also 
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tively, but the biggest problem has been 
dispersing them. Although dispersing 
these agents as a fine spray seems to 
have been the accepted method of ap- 
plication, recently some success has 
been had in dripping defoaming agents 
into the aerator influent. 

Mr. Bryan:—In trial runs on many 
commercial defoamants, we found the 
costs to be prohibitive. 
dentally ran 


Then we acci- 
onto a paper mill by- 
product, a resinous fatty acid extracted 
from woodpulp, that is not only an 
effective froth control agent, but also 
has high residual qualities. In other 
words, if fed in the aeration tank, this 
product has high residual effect, clear 
on through into the receiving stream. 
Toxicity studies are under way in co- 
operation with the State Fish and Game 
Commission, but are not yet complete. 
If this discovery is any indication, there 
apparently are many unexplored agents 
for this purpose. 

Stanley E. Kappe, Kappe and As- 
sociates, Washington, D. C.:—Because 
of a serious froth problem the opera- 
tor at Collingswood, N. J., experi- 
mented with all types of sprays found 
on the market. The best spray seemed 
to be one that gave a conical discharge 
and was located far enough above the 
water level so that the nozzles could 
be placed on 4-ft. centers. Actually, 
if the nozzle is 1 ft. above the water 
level the spray will have about a 2-ft. 
diameter. This nozzle is very effective, 
and has since been used in several 
plants. It uses about 0.5 g.p.m. at a 
nozzle pressure of 15 Ib. per sq. in. 

The plant effluent is used as spraying 
water. Before the spray was used dif- 
ferent types of defoaming agents had 
been tried at this particular plant, 
but the spray was found to be the most 
effective froth control. 
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Roach Control in Sewer Systems * 

The American roach, the large roach 
commonly found in homes and in sew- 
ers, has a life span of about 971 days. 
Its female will deposit about 1,600 eggs 
in a lifetime. The German roach, the 
small banded one seen in homes, cafes, 
and such places, but not usually found 
in sewers, has a life span of only about 
200 days and the female lays only about 
240 eges in a liftetime. 

The American roach lives in sewers, 
picking up disease germs and entering 
homes to spread diseases. Polio virus 
has been found in roaches, as well as 
the causative agents of diarrhea, dysen- 
tery, and tuberculosis; but no one has 
yet been able to prove that the roach 
definitely spreads these diseases. 

Roaches have been observed travel- 
ing upwards through a grease trap 
and through the water trap on com- 
modes in bathrooms. Some think that 
the roach is able to trap large bubbles 
of air under its wing structure before 
going under water and that it uses this 
source of oxygen until it again comes 
to the surface. The American roach 
has been observed in great numbers in 
domestie sewage collection lines and it 
is thought that it comes up out of the 
city sewers into homes. Roaches do 
not seem to be more prevalent in any 
particular section of a town as com- 
pared with others, but they do seem to 
stay near beer taverns and grocery 
stores. 

One recommended method for killing 
roaches in sewer systems is to apply a 
5 per cent chlordane solution with fog- 
ging machines into the manholes. This 
material requires some time to effect 
the death of the roach, but it is effee- 
tive. In one case, a third of the man- 
holes in a town were fogged for roach 
control and the treatment kept roaches 
out of the system for at least two years. 


*From Proce. of 35th Texas Water and 
Sewage Works Short School, p. 130 (1953). 


Better results were obtained by fogging 
half of the manholes, or every other 
one, but the cost of application rose 
proportionately, since charges are based 
on the number of manholes treated. 
The cost of complete treatment of 300 
manholes was about $600. 


“Hot” Time for Insects 


A new lantern-type insect electro- 
cutor (Figure 1) is claimed by the 


FIGURE 1.—Odorless insect trap uses 110- 
v. current to electrocute insect pests. 


manufacturer, Aaron Insect ‘Lektro- 
kutor Co., Los Angeles, Calif., to be 
safe, sanitary, and efficient. Using 
ordinary 110-yv. current and having a 
removable base to facilitate cleaning, 
its uses bait and an insect-drawing 
light to attract the insects to the elec- 
trocuting grids. 


Gas Piping Hazard 


Spontaneous ignition is one of the 
hazards inherent in the iron sulfide de- 
posits inside old sludge gas piping. 
Extreme caution should be observed, 
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therefore, in dismantling this type of 
piping to protect against both ignition 
of other combustible material and se- 
vere burns to an operator or mainte- 
nance man. 


Denver Operating Costs 
Because of the detail with which they 
are reported, the cost figures for opera- 
tion of the Denver, Col., sewage treat- 
ment plant may be of interest for com- 
parative purposes. The plant affords 
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primary treatment for a connected 
population of 484,000 or an equivalent 
population of 899,451. The process in- 
cludes screening, grit removal, sedi- 
mentation, chlorination during the 
summer months or low stream flows, 
and separate sludge digestion. During 
the last quarter of 1953 the sewage flow 
averaged 72.6 m.g.d., with a maximum 
of 97.7 and a minimum of 34.7 m.g.d. 
Cost data per m.g. of sewage during 
the same period were as follows: 


Operating Cost ($/m.g.) 


Item 
Raw 


Sewage! 


Settled 
Sewage 


Drying 


Admin. 
and Lab. 


General 


Labor Total 


Beds Lawn 


0.5462 
0.1182 
0.0237 
0.1095 
0.0045 


3.2771 
0.2955 
0.0552 
0.3832 
0.0156 


Labor 

Supplies 

Maint. and repairs 
Power 

Water 

Renewals 
Chemicals? 


0.8588 


| 0.2731 


0.0219 


5.4617 
0.5909 
0.0789 
0.5474 
0.0223 


0.8588 


1.0923 
0.1772 
0.0328 
0.0022 


0.2730 


Total 0.8021 | 4.8854 


0.2950 


0.2730 


1 From head of plant to and including grit chambers. 
? Chlorine; chlorination stopped Nov. 7 for winter months. 


Expanded Sludge Capacity 


On December 14, 1953, the Chicago 
Southwest sewage treatment plant, 
largest sewage treatment plant in the 
world, put into operation 66 vacuum 
filters, the last major step in its treat- 
ment improvements. According to The 
Digester (Feb., 1954), with these ad- 
ditions about 500 tons of dried sludge 
will be produced daily for sale as com- 
mercial fertilizer. 


Self-Sticking Warning Stripes 


Brilliant, diagonally-striped warning 
signals in quick-to-apply, self-sticking 
tape form can be applied to dangerous 
equipment and in hazardous areas in 
place of slow, costly hand-painting and 
stenciling. The self-sticking warning 


stripes, a product of the W. H. Brady 
Co., Milwaukee, Wis., can be applied 
permanently to any clean, dry surface 
without moistening. They come in 1-, 
1\%-, 2-, and 3-in. widths and three 
different self-sticking materials. Ace- 
tate plastic is recommended for indoor 
applications, durable polyvinyl plastic 
for outdoor applications and in areas 
where dirt, grease, oil, and solvents are 
prevalent. ‘‘Scotchlite’’ reflective ma- 
terial is available for use wherever 
warning signals with brilliant reflection 
are necessary. The user can choose 
from three bright color combinations— 
yellow and black stripes; black and 
white stripes ; and red and white stripes 
—to mark barricades, low or narrow 
areaways, elevator gates, pillars, elec- 
trical apparatus, and trucks in seconds. 
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Reviews and Abstracts* 


The Ecology of Anisopus fenestralis Scop. 
(Diptera) in Sewage Bacteria Beds. By 
H. A. Hawkes. Ann. Appl. Biol., 39, 
2, 181 (1952). 

The assessments of populations of Ani- 
sopus fenestralis in trickling filters by sur- 
face trapping of adults have been unsatis- 
factory. Methods were developed, there- 
fore, for determining the numbers of egg 
masses, larvae, and pupae. 

In the upper 2.5 ft. the numbers of lar- 
vae and pupae per unit volume of bed 
decreased with depth. There was no evi- 
dence of vertical migration of the larvae 
before pupation. The horizontal distri- 
bution of larvae was found to be affected 
by the method of distribution. In beds 
served with fixed spray jets larvae were 
more abundant nearer the jets than at 
some distance away. In beds served with 
travelling distributors, the larvae were 
more abundant in the zones below the jets 
than in the drier intermediate zones. 
Pupae were more abundant in the drier 
zones, indicating a horizontal migration of 
larvae before pupation or of the pupae 
themselves. Recurring peaks of larvae 
occurred during a year of study. These 
were due to successive generations of fly, 
the proximity of the peaks being deter- 
mined by the temperature and the size of 
the peaks by the amount of food available 
in the bed during the larval grazing phase. 
Competition between species during periods 
when food is limited due to depletion by 
the previous generation resulted in a nat- 
ural reduction of population. When insec- 
ticide was applied, this natural control was 
delayed. H. HEUKELEKIAN 


Some Factors Affecting the Bactericidal 
Action of Chlorine. By L. A. ALLEN 
AND EILEEN Brooks. Proc. Soc. Appl. 
Bact., 15, 1, 155 (1952). 

Sodium palmitate, sodium acetate, gly- 
cerol, starch, acetaldehyde, furfural, meth- 
yl alcohol, ethyl aleohol, lactose, and glu- 


cose have a very low chlorine demand. 
Acetoin, ascorbic acid, and catechol have 
an appreciable chlorine demand. Pre- 
formed chloramines are much less effective 
disinfectants than chlorine added to water 
containing ammonia. In the latter case, 
bactericidal action is at first rapid and 
comparable to that of free chlorine. This 
is assumed to be due to the brief time taken 
for the formation of chloramines, during 
which time disinfection is virtually due to 
free chlorine. The authors showed a sim- 
ilar relationship between preformed chlora- 
mino acetic acid and chlorine added to 
glycine solution. Bactericidal action of 
chlorine in peptone water was found to be 
small compared with the effect of similar 
concentration of chlorine in sewage. The 
bactericial action of chlorine in peptone 
water is greatly enhanced if ammonia is 
also present. H. HevKELEKIAN 


Corrosion of Concrete Sewers. By F. M. 
C. Gitcurist. Pub. Health, 17, 10, 477 
(1953). 

Bacterial corrosion of sewers is usually 
found in warmer climates only, except for 
unusual cases where the sewage is warmer 
than normal. Through a complex reac- 
tion, the formation of sulfur oxidizing bac- 
teria, Thiobacillus, causes the disintegra- 
tion of concrete. Conditions necessary 
are as follows: temperature above 18° C; 
adequate H.S (1 to 10 p.p.m.), COs, Ox, 
and NHs;; and condensing dew. Soluble 
phosphorus compounds and trace elements 
such as iron must also be present in the 
concrete for the use of the bacteria that 
form in the film of moisture above the 
liquid level in the sewer. 

Research by the National Chemical Re- 
search Laboratory included a study of in- 
hibitors, and the required conditions for 
their effectiveness. A special apparatus 
was designed to simulate a variety of con- 
ditions. Apparently, an inhibitor must 
be in the concrete to be effective. 

RayMonp E. ANDERSON 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 
might be suitable for abstracting in Tuts JourNAL. Publications of public health departments, 
stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Assns., 


325 Illinois Bldg., Champaign, Il. 
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812 SEWAGE AND 
Industrial Process Water Symposium. /nd. 

Eng. Chem., 45, 2648 (1953). 

The symposium consisted of 10 papers, 
as follows: 

“Federal Water Pollution Control Act- 
Objectives and Policies,” by Carl 
Schwob. 

“California Water Pollution Control 
Program Fundamental Concepts,” by 
Warren T. Hannum. 

“Ohio River Valley Water Sanitation 
Compact,” by Edward J. Cleary. 

“Water Quality as Related to Water 
Pollution in California,” by V. W. Bacon, 
G. B. Gleason, and I, W. Walling. 

“Ground Water and Used Water in 
Basin Recharge Areas,”’ by Ross A. Shafer. 

“Improving the Quality of Water Re- 
sources,” by L. F. Warrick. 

“Disposal of Atomic Energy Industrial 
Wastes—Some Environmental Aspects,”’ 
by A, E. Gorman. 

“Waste Disposal in the Los Angeles 
Area,” by A. M. Rawn. 

“Industrial Waste Treatment and Dis- 
posal at the Government Synthetic Rubber 
Plants, Los Angeles County, Calif.,”” by 
A. E. Martin and R. E. Rostenbach, 

“Disposal of California Winery Wastes,” 
by R. H. Vaughn and George L. Marsh. 

R.S. INGous 


Trade Effluent Treatment with Alumino- 
ferric. By J. H. Harwoop. Reprint 
from Ind. Chem. (July, 1953). 

The author discusses the treatment of 
effluents, the types of plants used, and the 
results obtained with the coagulant alumi- 
noferric on various industrial wastes (23 
plants), from a British standpoint. Reduc- 
tions in oxygen absorbed and suspended 
solids are noted, although coagulant treat- 
ment by itself is generally only satisfactory 
if the efluent is discharged to a municipal 
sewer. Tannery wastes are the hardest to 
treat. On domestic sewage, the use of the 
coagulant has been helpful in improving 
settlement and reducing the load on filters. 

LANGDON PEARSE 


Methods for Determining Hydrocarbons 
and Phenols in Water. By C. E. 
Heapincron. Anal. Chem., 25, 1681 
(1953). 

This article is a progress report of the 
petroleum industry’s committee on the 
analysis of refinery effluents. It is shown 
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that the modern analytical instruments 
(infrared spectrophotometer and mass 
spectrograph) are capable of accurately 
determining the identity and concentra- 
tion of the oils and phenols added to the 
samples tested by the cooperating labora- 
tories. The other extraction techniques 
generally vielded acceptable values, but 
did not yield as much qualitative informa- 
tion concerning the oils. 

The work of the committee is continu- 
ing. Six recent techniques have been 
carefully evaluated and the results of six 
different laboratories is reported. 

R.S. INGous 


An Annular Septic Tank-Filter Plant. 
Anon. Surveyor, 112, 851 (Dee. 5, 
1953). 

Although essentially a report on a com- 
mercial product, this article presents an 
interesting design for biological treatment 
of very small quantities of sewage. The 
unit is evlindrical, and for a household of 
five persons its dimensions are 7 ft. 3 in. 
diameter by 5 ft. 6 in. deep. It consists 
of a septic tank surrounded by a small 
annular trickling filter for treatment of the 
septic tank overflow. In areas where the 
disposal of septic tank effluent is difficult 
due to crowding and poor conditions of 
subsurface drainage, such a design may 
have certain possibilities. M.C. Ranp 


A Deep Sewer and Inverted Syphon, York, 
Involving Soil Stabilization by Freezing. 


By C. J. MINTER. 

Eng., 80, 311 (1953). 

Details are given of the methods used to 
lay a deep sewer in silt subsoil with clay 
and sand layers. Open cut was used to a 
depth of 37 ft. in clear ground. 

When 110 ft. of the tunnel for a 120-ft. 
inverted syphon under the main N.E. 
railway at York had been excavated, there 
was a “break-in”’ of water, silt, and sand. 
As the subsoil was unsuitable for chemical 
stabilization, the ground was frozen to 
12°F., but this was not sufficient and the 
temperature in the heading was lowered 
to —5°F. before the excavation was com- 
pleted. The cavities caused by the in- 
rushes of silt were filled with sand as the 
freezing tubes were withdrawn. The floor 
of a shaft heaved up and was stabilized by 
Larsen sheet piling and an anchored 
grillage. R. N. Freip 
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DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 
tank. 


DIFFUSAIR at Kirkwood, Mo. in 
operation showing effective “spiral 
flow” agitation and aeration of 
tank liquor. 


FOR The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 
SEWAGE fusion of air as small bubbles to agitate and oxygenate 


aeration tank liquors. 


WASTE AND 


The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 
from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 

The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impinger units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PROQUIP | WAUKER PROCESS EQUIPMENT INC. 


| FACTORY ENGINEERING OFFICES LABORATORIE 
PROCESS EQUIPMENT | = = = =§=AURORA, ILLINOIS 


WATER TREATMENT 
PRE-AERATION... 
ACTIVATED SLUDGE... 
CARBONATION 
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Proceedings of Member Associations 


TEXAS WATER AND SEWAGE 
WORKS ASSOCIATION 


The 1954 Annual Meeting of the 
Texas Water and Sewage Works <As- 
sociation was held in conjunction with 
the 36th Short School at Texas A & M 
College, College Station, Tex., March 
7-12, 1954. The official registration 
was 705, not including numerous guests 
and ladies present for the meeting. 

Technical papers of interest to sew- 
age and industrial waste treatment per- 
sonnel included: 


‘‘Treatment of Chromium and Cya- 
nide Wastes,’’ by J. H. Morgan, Wal- 
lace & Tiernan Co., Houston. 

‘*Development in Refinery Wastes 
Treatment,’’ by W. B. Hart, Atlantic 
Refining Co., Philadelphia, Pa. 


‘*TIn-Plant Water Conservation Pro- 
gramming,’’ by E. T. Lindsey, Celanese 
Corp. of America, Bishop. 

‘*Waste Problems Resulting from 
Use of Radioactive Material,’’ by E. F. 
Gloyna, University of Texas, Austin. 

‘Responsibility of River Authorities, 
Water Districts, and Municipalities to 
Control Pollution,’’ by J. Carter, State 
Board of Water Engineers, Austin. 

‘‘Applieation of Biological Treat- 
ment of Industrial Wastes,’’ by F. J. 
Ludzak, Environmental Health Cen- 
ter, USPHS, Cincinnati, Ohio. 

‘State Water Pollution Advisory 
Council,’? by D. F. Smallhorst, State 
Dept. of Health, Austin. 

of the Flame Photometer,’’ by 


(Continued on page 236a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized”’ for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 


- 

AG 

id 
—— 
nt 

— 

be 
{ 

+ 

‘ 
BUS 
iy 4 

G 

» 

| 


SEWAGE AND INDUSTRIAL WASTES 


Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A. N. A. 


Wrauen THE GROUND is unstable 

or a definite grade has to be maintained 
cast iron pipe is frequently laid on piers or 
pile bents. Whether above ground or 
underground there are installations of cast 
iron pipe with continuous service records 


measured in generations. cast iron 


We are well equipped to furnish your PI 
requirements for cast iron pipe and fittings | 
made in accordance with American Standard, FOR WATER. GAS SEWERAGE 
Federal and American Water Works SERXICE 
Association specifications. U.S. pipe 
centrifugally cast in metal molds is available 
in sizes 2- to 24-inch and pit cast pipe 
in the larger sizes with bell-and-spigot, 
mechanical, flanged or other types of joints. 


United States Pipe and Foundry Co., 
General Office, 3300 First Ave., N., 
Birmingham 2, Ala. @ Plants and Sales 
Offices Throughout the U.S.A. 


i 
2 
$5 
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A. D. Potter, Chief Chemist, State 
Dept. of Health, Austin. 
‘*B.0.D. Analysis and Industrial 


Wastes,’’ by F. J. Ludzack, Environ- 
mental Health Center, USPHS, Cin- 
cinnati, Ohio. 

‘* Treatment of Emulsion and Chemi- 
cal Wastes Produced in a Petroleum 
Refinery,’ by John MeClintock, 
Ilumble Oil and Refining Co., Bay- 
town, 

‘*New Developments in Clarification 
Basins,’’ by J. A. Walker, Walker 
Process Co., Aurora, IIl. 

‘*Proposed Harris County Sanitary 
District Plan,’’ by Burke Holman, 
Civil County Attorney, Houston. 


In addition, there were panel dis- 
cussions on public relations in small 
city sewage works, bacterial and en- 
zyme catalysts in sewage plant opera- 
tion, treatment plant unit operation 


and maintenance, sewer construction 


SEWAGE AND INDUSTRIAL WASTES 


and maintenance, laboratory proce- 
dures, sampling, irrigation with sew- 
age, composting of sludge, chlorination, 
sludge digestion, pumping stations, and 
froth control. 

At the Business Meeting, the consti- 
tution was amended to provide for two 
vice-chairmen, thereby providing an 
industrial wastes chairman on alternate 
years. Officers elected to serve the Sew- 
age and Industrial Wastes Section for 
1954-5 were as follows: 


Chairman: K. E. Mills, Texas City. 

Ist Vice-Chairman: W. 8S. Mahlie, Fort 
Worth. 

2nd Vice-Chairman: G. A. Doty, Alice. 

FSIWA Director: C. H. Connell, Gal- 


veston. 
Secretary: V. M. Ehlers, Austin. 
Asst. Secretary-Treasurer: Mrs. Earl 
H. Goodwin, Austin. 
Mrs. H. Goopwin, 
Assistant Secretary-Treasurer 


Center- 


Feed 


Center- 
Discharge 


Clarifiers 


One reason for the efficiency of Hardinge 
Clarifiers is the fact that the influent goes 
directly to a central stilling well and the 
underflow also is centrally removed. This 
promotes quick disposal of the heavier 
solids immediately upon entry—makes 
less work for the rotating sludge scrapers. 
The clear effluent overflows the tank pe- 
riphery, where velocity is at a minimum. 
Bulletin 35-C-16. 


HARDINGE 


COMPANY, INCORPORATED 


YORK. PENNSYLVANIA 
New York - 


240 Arch St. 
Hibbing - 


Main Office and Works 


Toronto + Chicago - Houston + Salt Lake City + San Francisco 
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TYPICAL INSTALLATION DIAGRAM 
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“VAREC’ Pressure 
2 Relief and Vacuum 

Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 
and protects vessels 
from outside fires. 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


“VAREC” Flame Trap 
Assembly —Fig. 450— 
Prevents flame propa- 


$-10 


Plan with nec 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 


THE VAPOR RECOVERY SYSTEMS COMPANY drained and free from 


gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. 51A or 52A — 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


“VAREC” Pressure Re- 

ducing Regulator— 
Fig. 187 or 387—Con- 
trols pressure of gas 
going to utilization 
equipment. 


“VAREC” Check Valve 
—Fig. 211 or 211A— 
Controls direction of 
gas flow. 


SEWAGE TREATMENT PLANT 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


PROVED ore 


“VAREC” Drip Trap — 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


moisture. 
COMPTON, CALIFORNIA, U.S.A. 


Available from Authorized Sewage Equipment Agents throughout U.S. and Caneda. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 243a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, apy AND INDUSTRIAL 
WAS PROBLEMS 
INCINERATORS 

VATIONS 
TY PLANN 
REPORTS LABORATORY 


Suite 1509-18 PUNLADELPMIA 
121 Broad St. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis BR. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 

Flood Relief, Sewerage, Sewage 

Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERSON - NICHOLS 
AND COMPANY 
Engineers 
Water Supply, Distribution and freatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Dis posal, Drain- 
age, Highways and Bridges 


Boston 14, Mass. 
New York 36, N.Y. Concord, N. H. Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 


BAXTER AND WOODMAN 


The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineere— Airport —Sewage Disposal 

Systems— Water Works Design and Operation—Surveys 

and Maps—City Planning— Highway Design—Construc- 
tion Surveye—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinois 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE - WaTER - ELEcTRICITy - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

Cuinton L. Ivan L. Bocert 

J. M. M. Greie RosBert A. LINCOLN 

DONALD M. DitTMaRs ARTHUR P. ACKERMAN 


Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Ave., New York 2%, N. Y. 


W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water 

Refuse Dis —Analys 
Municipal—Industrial Projecta 
Valuations— Reporte— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Sapply Airports 

Sewer Systems Highways 

Sewage Disposal Plauts Industrial Buildings 
Industrial Wastes Probl Railroad 


468 Fourth Avenue New York 16, N. Y¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 


and Sewage Disposal, 
Water Supply an Water Purification, 
aluations and Reports 


Chemica! and Biological Laboratories 
112 East 19th Street New York 3, N. Y¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 


Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Me. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and 
Design and Supervision 
Reesarch and Development 
Flood 


6 Beacon 8t. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration—Gas Systems 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Civil Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plante 

Philadeiphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


DODGE, BLISS and WALKER 
Chemical Engineers 


Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
W. HoRNeE 
Bion A. BOWMAN WILLIAM L. HyYLaNpD 
CARROLL A. FARWELL FRANK L, LINCOLN 
Howarkp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 

Port and Terminal Works—Industrial Bldgs 

BOSTON NEW YORK 


JOHN AYER 


FINKBEINER, PETTIS & STROUT 


Carueton 8. Finxsetner  Cnarves E. Perris 
Harotp K. Strout 


Consulting Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


823 1/2 Poydras St. New Orleans, La. 


EDWARD A. FULTON 
Consalting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Paving 
and Power Developments; ams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works. Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Consteustion Supervision 
of Operatio 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel A Greeley Paul Hansen (1920-1944) 
Paul E. Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Water Sewage 
Industrial Wastes 
Refuse Hydraulics 
1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles’ F. _W. Jones 
Hl. H. Moseley J. W. Avery F. S. Palocsay 
E. S. Ordway 


C. lei. 


WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bldg. Woolworth = 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hasen Avrnep W. Sawren 


Municipal and Industrial Water Supply 
Purification and Distribution 
fawage Works and Waste Disposal 


Investigations, Design, 
Supervision of Construction and Operation 


110 Bast 42nd Street New York 17, N. Y. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 

cities and towns 


Water Works, me and Power, Sewers, e 
Treatment, Reports, Flood Control, App 
Drainage 


Standard Ol! Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


w. BR. Bross 
Airports — Hydraulic Engineering — 


Sewerage and Sewage Treatment — 
Water Supply — Engineering 
_ eport 


Shell Building, St. Louis 8, Missouri 


JONES, HENRY & WILLIAMS 
(Formerly Jones, Henry & Schoonmaker) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Soiomon & Keis 
Since 1906 


Water Supply and Purification, Sewe 
Be Garbage and Re’ 
5 posal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
peration 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pitteburgh 23, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


WORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y¥. 

500 Fifth Ave., New York 36, N. ¥. 


PAN AMERICAN CONSULTANTS 
Engineers 

River & Harbor Development—Hydroelec- 

tric Power—Dams—Ports—Flood Control 

Irrigation — Reclamation — Airports— Wa- 

ter Supply—Sewage & Industrial Waste 
Treatment 

Reports—Consultation—Design 


Midland Building, 176 West Adams S8t., 
Chicago 3, I}. 


PARSONS, BRINCKERHOFF 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civi ‘and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Ci lting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Planta, Electrical Distribution 
Reporte and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reporte, Plans 
Supervision of Construction 
and Operations 

Appraisals and Ra 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Design; Supervision of 
nstruction & Operation 


Analytical Laboratories 
86 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 

yses 


369 E. 149th St. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 


: 
‘ 
2424 
* 
7 


SEWAGE AND INDUSTRIAL WASTES 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rirrrz B. V. Hows 


Design—Supervision 
Water Systems, and Sof! 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
Municipal Airport 
Daytona Beach, Fia. 


408 Olive St., 
St. Louis 2, Me. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fia. 


STANLEY ENGINEERING COMPANY 


Con 
Electric Power—. 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industria! Buildings 
Studiee—Surveys—Reporte 


209 8. High St. Columbus 15, Ohio 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


J. STEPHEN 
J. 8. Watkins . WatKINS 
CONSULTING 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reporte, 
Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
Branch Office 
901 Hoffman Building Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd 8t. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—STUDIES— REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 


Stream Pollution Studies 
Supervision, Valuation 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewage Municipal and In- 
dustrial D Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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Water Supply, Water Purification, 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Laboratory 
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INDEX TO ADVERTISERS 


Asoerican Concrete Pipe Asapciation 2228 
Builders-Providence, Incorporated (B-4-F Industries, Inc.) 2058 
Cast Tron Pipe Research 210, Zila 
Chapman Valve Manufacturieg Company 2248 
Combustion Engineering, Incorporated (Flash Dryer Division) ...... 
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United States Pipe and Foundry Company 2958 
Yeomans Brothers Company 
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Albright & Priel, Inc. 
Alverd, Burdick & Howson oe Haskins, Riddle & Sharp 
Anderson-Nichols & Company 5 Havens and Emerson 
Beker, ‘Micheal; Hesingsn, & 


Burns & & Veizy, Tac. 
pital Parsons, Brinckerhoff, Hall & Macdonald 


Fulton, Edward A, Westentt and Mapes, Inc. 


PATRONIZE OUR ADVERTISERS~whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 


ee Black & Veatch is & Holrove 
Bowe, Albertson & Associates ; Knowles, Morris, ine. 

| 
Consoer, Townsend & Assbelates Pirnie, Malcolm, Engineers : 
Damon & Foster Purcell, Lee T. 
Dechant, Frederick His. Riddick, Thomas M. 
De Leaw, Cather & Company Ripple & Howe . 

Fay, & Thorndike. Stanley Engineering 
Finkbelner, Pettis & Strout Stilson, Alden E., & Associates 
Gannett Fleming Corddry & Carpenter, Inc: feston & Sampson 
Gilbert Associates, Inc, Whitman & Howard 
Glace and Glace Whitman, Requardt & 


NOW 
DEPENDABLE ff 
CHLORINATION 


Since 1918, Wallace & Tiernan & 
has consistently offered 
the best in chlorination 

and chlorination equipment. 

Now... the new A-701, 

first of the W & T “700” series 

of chlorinators, and the 

most up-to-date chlorinator 
available today, offers these 

PLUS VALUES to assure safe 

and dependable chlorination: 


Feed ranges up te 100 to 1 
without replacing meters. 


Maximum corrosion 
resistance without sacrifice 
of structural design. 


Linear ecale reading of 
chlorine flow rate. 


May be operated by manual 
control, or automatically 
by electric, hydraulic, 

Gir pressure or air vacuum 
control. 


Feed rates up te 1000 
pounds per 24 hours, 


equipment, look for the PLUS VALUES that a 
add up to Dependable Chlorination, 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET, BELLEVILLE 9, Nig, 
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